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EXECUTIVE SUMMARY 
Properly des igned and constru cted dra inage layers can be used for effe ct ive control of surfa ce water 
infiltrat ion. Former pavement des ign methods often have resulted in base courses that have not 
dra ined well, thereby result ing in some premature fa ilures of the pavement stru cture. The Kentu cky 
Department of H ighways is currently rev iew ing proposed gu idel ines for des ign of h ighway 
pavements. The gu idel ines propose the use of open graded, free dra in ing, aggregate bases for 
controll ing infiltrated surfa ce water. However, inter im des ign gu idel ines do not spe cifi cally address 
the des ign of aggregate dra inage blankets. The purpose of th is study was to develop 
re commendat ions relating to the spe cifi cat ion, des ign, and constru ct ion of pavement dra inage layers 
as an integral part of the pavement stru cture. 
Cons iderable mon itor ing, test ing , and analyses were performed dur ing th is study. The effort to 
develop an appropr iate apparatus and pro cedure for flow rate test ing of open graded mater ials was 
su ccessful. Test results for the flow test apparatus were repeatable for flow rates rang ing from 20 
m/day to more than 6, 1 00 m/day (70 ft/day to more than 20,000 ft/day). 
The current "Spe cial Note For Pavement Dra inage Blanket " prov ides for the opt imum gradat ion for 
both dra inage and stab il ity in an asphalt treated dra inage blanket. Asphalt treated spe cimens 
compa cted to dens it ies typ ical of field cond it ions, 1 ,6 85 to 1 ,  765 kg/m3 ( l  05 to 1 10 lbs/ft3), ind icate 
flow rates rang ing from 3,355 to 4,270 m/day ( 1 1,000 to 14,000 ft/day). At these dens it ies, 
stru ctural stab il ity of the blanket, as measured by laboratory res il ient modulus tests, is 
approx imately one th ird that of a Class I base wh ich results in a stru ctural coeffi cient of0. 1 5  to 0 . 16  
for the asphalt treated blanket. Ba ck calulated layer modul i of treated dra inage layers, determ ined 
from in -s itu tests w ith the FWD, ranged from 0. 14 to 0.22. Compa ct ion of the asphalt treated 
blanket dur ing constru ct ion soon after pla cement would in crease dens ity and prov ide in creased 
stab il ity w ith more than suffi cient dra inage capab il ity and result in h igher stru ctural coeffi cients. 
Untreated dra inage blankets prov ide good dra inage (4,575 to 4, 8 80 m/day) {15,000 to 1 6,000 
ft/day} but presented constru ct ion problems. Ba ck calulated stru ctural layer coeffi cients of untreated 
dra inage blankets constru cted of 57 gradat ion aggregates were not as var iable as asphalt treated 
dra inable base layers and exh ib ited s im ilar values, rang ing from 0. 1 8  to 0.22. However, be cause 
of the enhan cement prov ided to the constru ct ion pro cess, dra inage layers are re commended to be 
constru cted w ith asphalt treated aggregates. 
Ma inta in ing the colle ctor system and it's outlets is of extreme importan ce. A regular preventat ive 
ma intenan ce s cheduled should be developed and implemented at the D istr ict level to ensure 
opt imum performan ce of the dra inage system. Tra in ing opportun it ies should be made ava ilable to 
D istr ict personnel to fa cil itate ma intenan ce operat ions. 
Based on observat ions made dur ing th is study, dayl ight ing the dra inable base layer is a v iable 
alternat ive to a dra inage blanket that in corporates a colle ctor system. In it ial con cerns of s iltat ion 
and vegetat ion in the day l ighted blanket appear to be unfounded based on the performan ce of a 
dayl ighted blanket on the AA h ighway. However, untreated blankets that are dayl ighted should be 
afforded some means of prote ct ion from h·affi c en croa chment to prevent ravel ing of the base layer. 
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1.0 INTRODUCTION 
The Kentu cky Department of Highways is current ly reviewing proposed guide lines for design of 
highway pavements. The guide lines propose the use of open graded, free draining, aggregate 
bases for contro lling infi ltrated surfa ce water. However, interim design guide lines do not 
spe cifi ca lly address the design of aggregate drainage b lankets. Former pavement design methods 
often have resu lted in base courses that have not drained we ll, thereby resu lting in some premature 
fai lures of the pavement stru cture. Proper ly designed and constru cted drainage layers can be used 
for effe ctive contro l of surfa ce water infi ltration. The purpose of this study was to deve lop 
re commendations re lating to the spe cifi cation, design, and constru ction of pavement drainage 
layers as an integra l part of the pavement stru cture. 
The prin cipa l obje ctive of the resear ch study was to develop re commendations for optima l 
stru ctura l and materia l design pro cedures for free draining aggregate bases. The prin cipa l 
obje ctive was a chieved by condu cting a literature sear ch and review to as certain current state-of ­
the-art design and eva luation pro cedures ; condu cting fie ld eva luations en compassing subsurfa ce 
drainage designs current ly used and proposed for use in Kentu cky and co rre lating past 
performan ce with these designs ; and, condu cting laboratory investigations re lative to requirements 
for aggregate gradations, fi lter materia ls, hydrau li c parameters and engineering properties ofbound 
(stabi lized) and unbound drainab le base materia ls. 
The literature review was condu cted to eva luate cu rrent state -of -the-art stru ctura l and materia l 
design pro cedures, and fie ld and laboratory eva luation pro cedures for free draining aggregate 
bases. A comprehensive literature sear ch was condu cted through the fa ci lities of the University 
ofKentu cky Te chno logy App li cations Program and Kentu cky Transportation Center. The detai led 
literature review do cumented current te chniques for stru ctura l and materia l design pro cedures, 
design of co lle ction systems, and fie ld and laboratory methods uti lized to eva luate pavement 
subsurfa ce drainage systems. 
Both subje ctive and obje ctive performan ce condition eva luations of highway pavements 
constru cted above drainab le bases were performed and corre lated to the design approa ch. Se le cted 
routes, wherein drainab le base designs had been uti lized, were visua lly surveyed and performan ce 
conditions subje ctive ly rated. Obje ctive eva luations in cluded, but were not limited to, determining 
information re lated to the design, constru ction, and, if avai lab le, the cost of the comp leted 
pavement stru cture ; determining maintenan ce histories for the route ; obtaining rideabi lity indi ces, 
pavement roughness measurements, profi lograph measurements, and determining traffi c 
chara cteristi cs. 
The quality of materials used in constructing the drainage layers were quantified relative to 
strength properties (resilient modulus and shear strength properties), densities, and permeabilities 
of samples obta ined from the drainable base. Field permeability testing of the in-service pavement 
was not attempted. Extensive falling weight deflectometer evaluation of the pavement structures 
allowed further determination of in -situ structural properties of the sub grade, drainage layer, and 
asphaltic concrete or Portland cement concrete paving layer. The effective behavior of the 
pavement section may be expressed as elastic moduli for each individual layer of the pavement 
structure using a methodology developed under study K YHPR 86-109, "Pavement Deflection 
Evaluations." 
Evaluations employing similar methods to those used for in -service pavements were performed 
on pavements under construction. Pavements under construction were tested at various stages of 
construction to provide valuable information relative to the range of modulus of elasticity values 
for each layer of the pavement structure as it is constructed. 
Laboratory investigations for optimal gradation requirements for bound (stabilized) and unbound 
aggregate drainage layers and filters were performed. The optimum gradation was evaluated 
relative to the effective grain size (D 10), porosity (n), and the percent passing the 75 !J.m (No. 200) 
sieve. Aggregates were evaluated for size, shape, toughness, and specific gravity. Optimum 
gradations for open graded drainage layers and filter materials were developed based upon 
Kentucky's soil characteristics relative to grain size distribution, plasticity characteristics, and soil 
classification. Both natural and modified soils were considered in the analysis. Engineering 
properties of the mixtures evaluated included, but were not limited to, permeability, effective 
porosity. 
Specimens prepared in the laboratory were tested for shear strength, resilient modulus, indirect 
tensile strength, and stability. The goal was to optimize shear resistance and permeability 
properties of the open graded aggregate mixtures (both stabilized and non stabilized). 
Recommendations for specifications relative to structural and material design and construction of 
open graded drainage layers, including optimum placement of collection systems, were developed 
using information gained during the study. 
2.0 BACKGROUND 
Water is always present in soil and granular pavement materials in some form, but the forms that 
concern the pavement designer are free water, capillary water, bound moisture and water vapor. 
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Capillary water, bound moisture, and water vapor move through soils by various me chanisms and 
they are not greatly affe cted by gravity. Only free-water conditions can be signifi cantly altered 
by gravity drainage systems. It is convenient to consider drainable subsurfa ce water in two broad 
general categories : groundwater and infiltration. Groundwater is defined as the water existing in 
the natural ground in the zone of saturation below the water table. Infiltration is generally defined 
as surfa ce water that gets into the pavement stru ctural se ction by seeping down through joints or 
cra cks in the pavement surfa ce, through voids in the pavement itself, or from dit ches along the side 
of the road. 
Seepage is defined as the movement, or flow, of a fluid through a permeable porous medium. 
Porosity is the ratio of the volume of the pore spa ces to the total volume of the material. The 
extent to whi ch a porous medium will permit fluid flow, that is, its permeability, is dependent upon 
the extent to whi ch the pore spa ces are inter conne cted and the size and shape of the 
inter conne ctions. The flow of water through a porous medium is governed by a simple linear law, 
commonly called Dar cy 's Law, whi ch relates the flow rate to the porous medium's coeffi cient of 
permeability, hydrauli c gradient, and cross-se ctional area. The validity of Dar cy 's Law is 
contingent upon laminar flow. For most natural soils and low permeability granular materials, this 
condition is satisfied over a wide range of hydrauli c gradients. However, for more open graded 
granular materials the flow may be come nonlaminar. Under these cir cumstan ces, it is still possible 
to use Dar cy's Law for pra cti cal seepage analysis provided appropriate consideration is given to 
this phenomenon in evaluating the coe ffi cient of permeability. 
The ability of the pavement stru ctural se ction to transmit the dynami c loading imposed by traffi c 
can be greatly diminished if the pavement stru ctural se ction and sub grade be comes saturated by 
groundwater and/or infiltrated water. Free water in the pavement stru cture is of parti cular con cern 
be cause it can redu ce the strength by redu cing the apparent cohesion through redu ction of capillary 
for ces, redu ce the fri ction by de creasing the effe ctive mass of the materials below the water table, 
and redu ce the strength by developing large pore pressures. Previous studies have indi cated that 
high pore pressures can be developed by the dynami c a ction of the wheel load on the pavement 
surfa ce. Movement of the wheel along a pavement with a saturated subgrade can produ ce a 
moving pressure wave, whi ch in tum can create large hydrostati c for ces within the stru ctural 
se ction. These pulsating pore pressures signifi cantly influen ce the load- carrying capa city of all 
parts of the pavement stru cture. When high pore pressures are developed in a base or subbase 
material, its load transfer properties are altered considerably so that the stresses applied to the 
subgrade are not redu ced to their expe cted level. When a pavement stru cture and the underlying 
subgrade are sub je cted to ex cessive moisture, the result may be manifested in a variety of 
problems in cluding rutting, cra cking, faulting, in creases in roughness, and rapid de creases in 
servi ceability levels. 
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A hor izontal dra inage blanket is a very permeable layer whose w idth and length ( in the d irect ion 
of flow) are very large relat ive to its th ickness. A dra inage blanket, if properly des igned, can be 
used for effect ive control of infiltrated water and collect ion of cap illary water. A hor izontal 
dra inage blanket can be used beneath, or as an integral part of the pavement structure, to remove 
infiltrated water. Hor izontal dra inage blankets requ ire suffic ient th icknesses of mater ials w ith very 
h igh coeffic ients of permeab il ity, pos it ive outlets for the water collected, and, in most instances, 
use of protect ive filter layers. 
Open-graded bases ut il ized for subsurface dra inage must be constructed of hard, durable 
aggregates and stab il ized when necessary. These types ofbases have h igh permeab il it ies and can 
have excellent structural propert ies. The use of pavement subdra inage, reportedly, can extend the 
fat igue l ife of flex ible and r ig id pavements by as much as 33 and 50 percent, respect ively. Recent 
surveys have ind icated that as many as 27 states have used b itum inous-stab il ized, open-graded 
aggregate bases for dra inage layers. However, only s ix of those states cons ider the structural 
cred it for b itum inous-treated, open-graded aggregate bases to be greater than that of untreated 
dra inage layers. 
A collect ion system removes water from the dra inage layers and transports the water to outlets 
outs ide the roadway l im its. Des ign of collect ion systems requ ires attent ion to the type and s ize 
of collector to be used, locat ion and depth of long itud inal and transverse collectors and the ir 
outlets, the slope of the collectors, and prov is ions for suffic ient filter protect ion to prevent flush ing 
of dra inage aggregate into the collectors yet prov ide adequate dra inage volume. Select ion of 
collectors depends upon spec ific so il propert ies at the s ite, load and durab il ity requ irements, and 
env ironmental cons iderat ions. For these reasons, des ign of the dra inage layer and collect ion 
system must proceed s imultaneously. 
The durab il ity of roadway pavement layers and the ir requ ired level of ma intenance is dependant 
on several inter-related parameters. Such parameters include load d istr ibut ion capab il ity ; 
dra inab il ity of free water, cap illary water, bound mo isture, and water vapor from above and below 
the pavement structure - all of wh ich depend on hor izontal and vert ical road geometr ies, so il 
cond it ions, and cl imat ic cond it ions ; stab il ity of the pavement structure from construct ion 
equ ipment load ings, traffic load ings, and frost act ion ; sect ion dens ity and level of compact ion at 
the t ime of construct ion ; modulus of elast ic ity and/or res il ient modulus of pavement mater ials ; and 
layer mater ial gradat ions - wh ich affects the mater ial 's suscept ib il ity to clogg ing, and also its 
stab il ity versus dra inab il ity opt im izat ion. 
Often, stab il ity and dra inab il ity parameters oppose each other, that is, des ign ing for suffic ient 
dra inage of a roadway layer sect ion often comes at the expense of stab il ity, layer dens ity, and how 
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prone the layer is to clogging. Therefore, to avoid these dilemmas, pavement designers usually 
separate the drainage parameter from the rest of the pavement design. This has resulted in 
separate, independent layers in pavements whose sole purpose is nothing more than drainage. 
Consequently, the load distribution capability, stability, elasti c and/or resilient moduli, and the 
densities and gradations that relate to design parameters of drainage layers appear to be 
in consequential and not usually considered. 
The positive results of these designs are demonstrated through the constru ction of better, longer 
lasting highway pavement systems.  Frequen cy of maintenan ce and the asso ciated costs have been 
redu ced. These designs do, however, in crease initial constru ction costs. For example, pavement 
layers that dire ctly interfa ce with the drainage layer must be of a gradation that will not clog 
( choke) the drainage layer as water passes. If a suitable, cost effe ctive gradation cannot be 
established, then syntheti c geotextile mats must be used at interfa ces to prevent choking. The 
gradations of drainage layers are open graded, whi ch means that they are extremely lean in fine 
material (material passing the 1 50 J.Lm and 75 J.Lm {No. l OOandNo. 200, respe ctively} sieve sizes). 
This is the main reason for the la ck of stability in these layers. As a result, these layers are 
sensitive to rutting and shoving as constru ction traffi c moves over them. To prevent these 
problems, drainage layers are often stabilized by asphalt or Portland cement, and this also 
in creases constru ction costs. 
With better understanding, innovations in te chnology and design, and better and more reliable 
testing equipment, we now have the capability to effe ctively in corporate the drainage layer design 
and performan ce with the other layers (stru ctural) of the pavement system. This would redu ce 
installation costs by lowering the labor, material, and equipment costs. It would also lessen 
constru ction time. And note that this is a ccomplished without sa crifi cing pavement drainage 
requirements. In other words, substantial initial constru ction costs may be redu ced if a pavement 
design that a cts monolithi cally as a stru cture and a drainage system could be spe cified (versus 
designing for stru ctural and drainage requirements into separate pavement layer se ctions). 
3.0 SUMMARY OF LITERATURE REVIEW FINDINGS 
Information a ccumulated during a review of literature pertinent to this resear ch study was 
identified categori cally as current state-of-the -art stru ctural and material design pro cedures, design 
of colle ction systems, or current field and laboratory methods utilized in the evaluation of 
subsurfa ce drainage systems for highways. To understand the history and development of 
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subsurfa ce drainage systems for highways, the literature review en compassed arti cles extending 
into the 1 950's. 
3.1 GENERAL HISTORY 
The Highway Resear ch Board issued a report during 1951  prepared by the Committee on 
Subsurfa ce Drainage entitled "Present Pra cti ce in Subsurfa ce Drainage for Highways and 
Airports, " [ I] .  As part of th is study, questionnaires were sent to the highway departments of all 
states, to the division offi ces of the U.S. Bureau of Publi c Roads, the U.S.  Corps of Engineers, 
Department of the Army, the U.S. Civil Aeronauti cs Administration and the U.S. Bureau of 
Re clamation. Nearly 90 per cent of these organizations replied to the questionnaire. The 
consensus was that faulty subsurfa ce drainage caused pavement failures, in cluding rutting and 
shoving in flexible pavements, pumping in con crete pavements and frost heaves and boils in both 
types of pavement. 
In 1 959, the Highway Resear ch Board's Committee on Subsurfa ce Drainage issued a report 
indi cating that the importan ce of controlling subsurfa ce water was generally a cknowledged ; 
however, control of the subsurfa ce water was often inadequate due to la ck of design and the 
diffi culty of predetermining conditions that show up during or after constru ction, [2]. The 
Committee stated that while road alignment was often determined by fa ctors other than soil 
conditions, they should be considered in the preliminary lo cation of any route. The Committee 
re commended that if a subsurfa ce drainage system was found to be too expensive, relo cation of 
the route should be considered. 
In a 1961 presentation at the annual meeting of the Western Asso ciation of State Highway 
Offi cials, Minor asserted that drainage problems in crease in a geometri c ratio as roadway and 
shoulder widths in crease and verti cal curvature de creases, [3] .  Furthermore, the problems were 
magni fied even more in areas of continuous rainfall where water seeped through the pavement 
faster than it could be dis charged through the shoulders. Minor advo cated pla cing extremely open ­
graded material in the shoulders as the most e conomi cal way to prevent water build-up. 
In 1 973, Slaughter was commissioned to evaluate methods currently used in designing and 
constru cting drainage fa cilities for the removal of subsurfa ce waters from the immediate vi cinity 
of Georgia 's highways and to re commend appropriate changes in the Georgia State Highway 
Department 's design methods and constru ction pro cedures, [4]. Slaughter found that subsurfa ce 
drainage had a low priority in the overall design of Georgia 's highway system and con cluded that 
a designer of subsurfa ce drainage fa cilities needed more data made available, not only prior to the 
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design phase but also after the facility had been constructed. Slaughter deemed verification of the 
performance of subsurface drainage facilities extremely important if real advances were to be 
made in subsurface drainage design. Slaughter recommended further study to devise an overall 
integrated drainage system that took into account not only surface and excess surface water plus 
the subsurface waters in saturated and unsaturated porous media but also all the components of 
the complete highway system as well. 
Cedergren, in a 1 97 8  Engineering News Record article, indicated that pavements designed without 
good internal drainage were doomed to an early failure the very day they were completed because 
failure mechanisms were built into the pavement system, [ 5]. However, Cedergren also stated that 
rapid drainage of the pavement structure could easily double or even triple the useful life of most 
pavements and suitably designed, open-graded drainage layer, protected from clogging and 
provided with suitable collectors and outlets would not add greatly to a pavement's initial cost. 
Dhamrait and Schwarts determined from an Illinois study conducted in 1979 that longitudinal 
drainage systems placed along the edge of a stabilized subbase was most efficient in terms of 
removing free water from the pavement shoulder structure, [ 6]. Forsyth, et al, citing studies 
involving edge drains and the effect of permeable bases on PCC pavement performance, concluded 
that an extension of a pavement 's service life of just four years reduced pavement costs by about 
2 1  percent, [7]. Studies conducted in California and Spain on the effects of retrofitted edge drains 
on PCC pavement performance suggested that an extension of a pavement 's service life of ten 
years (50%) equaled a cost reduction of about 41  percent. 
West Virginia constructed its first free-draining base in 1 9 82, [ 8] .  Baldwin reported that although 
the subsurface drainage system was performing as intended, it was concluded from the experience 
gained from monitoring the project that the continued effectiveness could have been better ensured 
if a more positive and protected means of outletting water from the system had been employed. 
More recently, an article by Hawks appearing in the January 1 992 issue of SHRP Focus introduced 
the goals, intentions, and expectations of the Strategic Highway Research Program's (SH RP) long ­
term pavement performance studies, [9]. Hawks implied that the benefits of permeable bases were 
all too clear. However, less clear was the degree to which those benefits could be realized in 
different design situations, or whether there were interactions that posed unacceptable risks. 
According to Hawks, the costs of using of drainable bases are not well defined, and this lack of 
clarity generally inhibits their use. With these reasons in mind, SH RP will monitor the ability of 
permeable or drainable bases to extend pavement life or reduce pavement thickness in actual-use 
situations where interactions could be observed. The overall objective ofthe research is to resolve 
design issues that inhibit the knowledgeable and effective use of drainable bases. 
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3.2 DESIGN CONSIDERATIONS 
The Federal Highway Administration issued an implementation pa ckage for drainage blankets in 
highway pavements in 1 972, [ 10]. The report con cluded that positive removal of water from a 
pavement stru cture would minimize the problems of sub grade softening and weakened pavement 
stru ctures. The use of drainage blankets, whi ch are normally installed during original constru ction, 
was en couraged when pavement se ctions were to be re constru cted be cause of deterioration. The 
drainage layer, designed to serve as a subbase, was re commended to consist of an asphalt-treated 
drainage layer (open-g raded material) I 00 - to 150-mm ( 4- to 6-in.) thi ck, and a perforated pipe 
underdrain system. Use of a single size aggregate material was not re commended. Further, it was 
established that filter prote ction from migrating fines either from above or below was essential to 
prevent plugging of the drainage layer. Underdrain colle ctor pipes consisting of 100- to 200-mm 
( 4- to 8-in.) diameter perforated pipe, were re commended to be pla ced longitudinally along ea ch 
shoulder. Lateral dis charge drains were re commended to be pla ced at intervals of approximately 
30 to 46 m ( 100 to 150 feet) ( centerline) for disposal of colle cted water at sele cted points of 
dis charge. 
Dempsey, et a !, reported in 1 9 82 that although improvements in the stru ctural design of pavements 
had been made, investigations of rigid and flexible pavement systems indi cated that water was still 
a ma jor fa ctor causing distress and loss of servi ceability, [ 1 1 ] .  These investigations largely 
resulted in a renewed emphasis on improving pavement drainage methods. The idealized 
pavement drainage system would be one that not only minimized infiltration of surfa ce water into 
the pavement stru cture but provided effi cient methods for draining water that did infiltrate the 
pavement system. The resear chers reported that pavements on both non-stabilized and bituminous 
stabilized open-graded layers performed well under repeated wheel loads. Pavements on well ­
graded crushed stone bases apparently displayed the poorest performan ce. This was illustrated on 
a test tra ck as well as in the laboratory. Field investigations indi cated that using load transfer 
systems at pavement joints, non-erodible base materials, good drainage pra cti ces, and appropriate 
consideration given to climati c conditions typi cally resulted in rigid pavements that would perform 
well during the design life. The resear chers re commended that several fa ctors be considered in 
detail before sele cting a drainage method. The fa ctors in cluded anti cipated distress, climate, 
geology, pre- and post- constru ction methods for extending the pavement life, and the level of 
traffi c. 
Ridgeway, in aN a tiona ! Cooperative Highway Resear ch Pro je ct (NCHRP) Synthesis report issued 
in 19 82, indi cated that subsurfa ce drainage systems must be considered an integral pa rt of the 
pavement stru cture and provided re commendations for design of the overall pavement stru cture, 
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[12]. Ridgeway re commended designing the drainage layer and/or the base and subbase to meet 
pre-established criteria for the amount of free water that will enter the pavement stru cture and the 
rate at whi ch it must be removed. If lateral flow is required and design permeability is less than 
305 meters per day ( 1 ,000 ft/ day) or if verti cal flow is used and the design permeability is less 
than 0.6 meters per day (2.0 ft/day), the analysis and design criteria must be reviewed carefully. 
At the time of the report, California had adopted a standard design for sub grade drains, and had 
issued a memorandum instru cting personnel to consider the need for longitudinal drains in both 
new and existing pavements for the purpose of dis charging infiltrated surfa ce water to redu ce 
pavement failures. The state required the use of either asphalt-treated or cement-treated (porous 
con crete) penneable material for longitudinal drains. There were, and are currently, two 
parti cularly important conditions that effe ct the su ccessful use of longitudinal edge drains in 
existing pavements. First, the edge support for the pavement must not be damaged when the drain 
is installed and se condly, the material that is adja cent to the drain and needs to be drained must be 
suffi ciently permeable to allow the free water that is causing the problem to rea ch the longitudinal 
drain. Where longitudinal drains will not work, it is important that extra effort be made to seal all 
joints and cra cks. 
The Asphalt Institute published design guidelines for subsurfa ce drainage systems in 19 84, [ 1 3] .  
In order to design a reliable, e conomi c and adequate subsurfa ce drain, the manual re commends 
colle cting detailed information prior to the design pro cess. During the preliminary soil survey, the 
lo cation of all seepage areas whi ch may cause water to enter the stru ctural elements of the 
pavement must be determined. The maximum rate of flow of water whi ch may enter the stru ctural 
se ction from any seepage and infiltration areas must be determined. A sour ce of aggregate suitable 
for filter material to prevent clogging of drains by water-borne soil must be found, or the 
suitability of using a filter fabri c must be established. A sour ce of aggregate whi ch may be used 
as drain ro ck to remove the water from beneath the pavement should be established. Finally, 
climati c data with respe ct to frost heaving must be obtained and evaluated. These data are then 
combined into the subsurfa ce drainage design produ cing an adequate flow capa city to meet all the 
requirements for the proje cted life of the pavement. 
Kozlov noted that resear ch by the New Jersey Department ofTransportation (NJDOT) established 
that the use of a drainage layer immediately below the lower bound layer of a pavement was the 
most effe ctive means of a chieving the ne cessary degree of internal drainage, [ 14] . The report 
suggests that the drainage layer be open enough to drain water in a reasonable length of time, yet 
with low enough flow rates to prevent internal erosion. The drainage layer must be dense enough 
to support traffi c loads yet it must possess filtration chara cteristi cs compatible with base and 
subbase materials. Kozlov pla ced requirements for design and appli cation of subsurfa ce drainage 
into four categories. The geometry of the flow involves the geometri c design of the highway, 
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related subsurface drainage geometry, and prevailing conditions. The fundamental properties of 
the drainage material, such as permeability, density, geological characteristics, and particle shape 
define the performance of the flow of water, properly support loads, and, most importantly, must 
retain these characteristics for a reasonable life span of a road. Proper use of such characteristics 
in the design and application of the drainage facilities also requires suitable lifetime maintenance. 
Climatological data provide insight into the fundamental source of all subsurface water and the 
potentially adverse effects of frost action. 
During the Fourth International Conference on Concrete Pavement Design and Rehabilitation, held 
at Purdue University, on April l S  through 20, 19 89, Daniel Mathis of the FHWA presented an 
overview of state-of-the-practice in pavement drainage for new or reconstructed asphalt concrete 
and Portland cement concrete pavements, [ 1 5] .  Mathis conducted reviews in States that were 
known to have recently const rncted permeable base pavements. The states included were 
California, Iowa, Kentucky, Michigan, Minnesota, New Jersey, North Carolina, Pennsylvania, 
West Virginia, and Wisconsin. Topics addressed in the presentation included types of permeable 
base, degree of permeability, thickness and width of the permeable base, methods used to drain 
the permeable base, types of filter layer used, s trnctural value, construction considerations, 
stability, performance of existing permeable base pavements, and cost. Relative to the topics 
addressed, Mathis found that the states typically used untreated aggregates or aggregates treated 
with asphalt cement or Portland cement for the drainage layer. It was found that permeabilities, 
determined using either constant head or falling head methods in accordance with standard 
procedures, of untreated aggregates were typically lower than treated aggregates. Mathis's review 
showed that permeable base pavements could be designed and const rncted to rapidly drain 
moisture that infiltrates the pavement surface without significant changes to conventional 
practices. 
Bentsen, noted in a 1 990 edition of Asphalt that both new const rnction and rehabilitation projects 
can be plagued with problems if proper consideration is not given to the removal of the water that 
makes its way into the pavement system, [ 16]. Bentsen advocated a full-depth asphalt pavement 
for an effective solution to moisture problems in granular bases. T he reduced load-carrying 
capacity associated with water infiltration into untreated aggregate bases can be eliminated since 
the full -depth asphalt pavement constructed directly on the prepared subgrade. A filter fabric or 
filter aggregate layer placed on the prepared subgrade is usually required to prevent intrusion of 
fines into the permeable base. In a 1991 article, the American Concrete Paving Association 
(ACPA) issued design guidelines for permeable bases, [ 17]. First of all, stability and 
constructabi1ity of the permeable layer must be considered. An AASHTO #57 or #67 will quickly 
drain water. However, because they contain virtually no fines they are not stable under 
construction traffic. Therefore, the ACP A recommended the aggregate be stabilized with cement 
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(90 - 1 65 kilograms/cubic meter { 1 50-2 80 pounds/cubic yard}) or asphalt (2.0 to 2.5 percent by 
weight). If unbound aggregates are used, then more intermediate aggregates must be present than 
is found in AASHTO #57 or #67 gradation in order to make these aggregates stable under 
construction traffic. Care must be exercised by drivers during turning because overworking the 
aggregate could cause degradation of the materials. A geotextile fabric as well as a dense-graded 
base layer may be used as the filter (separation) layer. Whichever filter layer is chosen, it must 
keep the permeable base unclogged over an extended period of time. With regard to collection 
system for the permeable base, the ACP A recommended extending the permeable aggregate base 
about 0.75 to 1 .0 m (2.5 to 3.0 ft) on each side of the pavement edge for stability, the use of 1 00-
mm (4-in.) polyethylene pipe, outlet pipes spaced every 75 to 120 m (250 to 400 ft) and the use 
of strong pipe at the outlets 1 00-mm (4-in.) polyvinyl chloride or 150 mm (6-in.) corrugated metal 
pipe located on a three percent grade and at least 1 50 mm (6 in.) above the ten-year design flow. 
It was recommended that the drain outlets be fitted with a headwall and rodent screen. The ACPA 
article stressed that above all else maintenance of the system is critical to its life cycle. Outlets 
must be cleaned periodically to provide longevity to the system. 
The Federal Highway Administration published Research Report FHW A/ RD-72/30 in June 1972, 
[ 1 8] .  The purpose of the study and subsequent report was to demonstrate how to design drainage 
layers. Drainage layers were to rapidly drain entire roadbeds to effectively reduce the exposure 
period of the pavement structural sections to excess water. The basic design methodology 
considered the subsurface drainage layers as a conveyor of water. Open-graded bases utilized for 
subsurface drainage should be constructed ofhard, durable aggregates and stabilized when deemed 
necessary. The report indicated that stabilized aggregate bases have high permeabilities and can 
have excellent structural properties (stability) and may be substituted on an equal structural basis 
for currently accepted base course materials. A follow-up study by Cedergren indicated that the 
provision of subsurface drainage systems can greatly reduce , if not virtually eliminate, damages 
caused by excess water in structural sections, [ 19]. Cost studies revealed that effective subsurface 
drainage systems were usually economically and technically feasible under the environmental 
conditions within the continental United States. Further, it was determined that subsurface 
drainage systems should be designed for the requirements of each specific drainage problem, 
rather than relying on a standard design. Subsurface drainage systems should be designed using 
the basic principles of seepage and hydrology. It is very important that sources of water inflow 
into structural sections be identified and considered. The optimum thickness and permeability of 
the drainage layer and appurtenances are determined by Darcy's Law or by the use of flow nets. 
Maj idzadeh, in a 1976 report to the Ohio Department of Transportation, recommended the use of 
very pervious drainage blankets having a permeability in the range of305 to 3,050 meters per day 
( 1 ,000 to 10,000 ft/day), [20]. Ring recommended typical drainage layer permeabilities to be 
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1 ,525 meters per day (5,000 ft/day) or higher to provide a drainage time of one hour or less, [21] .  
Work by the Anny Corps ofEngineers in 1 9 87 investigated the relationships between penneability 
and stability of open -graded aggregate bases, [22]. The report noted that for open -graded 
aggregates to fun ction as drainage layers, they must have voids suffi cient to permit rapid drainage 
and yet have suffi cient stability to prevent displa cement or distortion be cause of constru ction 
operations and traffi c on the completed pavement. Airfield pavements constru cted with open ­
graded bases were su ccessfully constru cted and performed well in field installations. The open ­
graded bases provided adequate permeability. Although certain types of open-graded materials 
did give stability problems in support of rolling thin cover layer, stabilizing with asphalt in creased 
the stability of the open-graded aggregate layer and improved pavement performan ce. The 
stiffness of the pavement system with an open -graded base, as measured by a Falling Weight 
Defle ctometer (FWD), was comparable to the stiffness of a pavement system having a 
conventional base. 
Tayabji and Barenberg defined the chara cteristi cs of a pavement drainage system in a 1 97 5 report, 
[2 1 ]. They implied that rationally designed pavement drainage systems should have adequate 
capa city to drain a pavement rapidly and retain that capa city for some realisti c life, should be 
resistant to plugging and possess suffi cient stability so that the behavior of the drainage system 
itself does not interfere stru cturally with the behavior and the performan ce of the overall pavement 
system. 
3.3 MATERIALS CONSIDERATIONS 
Highlands and Hoffman reported that the use of crushed, densely graded aggregate subbase in 
Pennsylvania had resulted in numerous problems of premature pavement and shoulder distress due 
to ex cess water in the pavement system, [23]. An experimental pro je ct was devised in an effort 
to develop an open graded aggregate gradation to demonstrate the feasibility of providing good 
constru ction and pavement support as well as good internal drainage at a competitive cost to the 
conventional dense -graded aggregate subbase. An additional, long -term ob je ctive of the resear ch 
pro je ct was to determine the signifi can ce of the permeability of the subbase materials on pavement 
performan ce. The reported resear ch demonstrated that subbase materials with signifi cantly high 
permeabilities (three or more orders of magnitude) could be produ ced with adequate quality 
control at a competitive cost. Adequate stability to support constru ction equipment was provided 
by the more porous, open -graded base materials. Pavement Servi ceability Index (PSI) values of 
the pavement in the unstabilized, open -graded materials se ctions were approximately equal to 
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sections containing the conventional dense-graded subbase. The roughness comparisons were 
similar after 1 5  months, six years, and after seven years of service with only 0.2 to 0.3 variation 
in PSI magnitudes among the sections during each respective testing. Average total deflection 
measurements, indicating relative strengths of the pavement sections, showed the aggregate 
cement section to have the lowest deflections and the conventional dense-graded aggregate 
subbase section exhibited the highest pavement deflections. The authors stated that the deflection 
data would tend to indicate that the open-graded subbases would out perform the dense-graded 
material from a structural standpoint under the same loading conditions. As a result of this study, 
the Pennsylvania Department ofTransportation changed its specificat ions and standards to require 
the use of open-graded subbase interlayers immediately beneath rigid pavements, [23]. 
In 199 1 ,  the Norwegian Road Research Laboratory reported on the effects of fines on the stability 
of base gravels, [24] . Base gravel with differing amounts of fines (passing the 75 J.tm {No. 200} 
sieve) and fines ratios (percent passing a 20 J.tm {No. 635} sieve divided by the percent passing a 
75 J.tm {No. 200} sieve) were stabilized in order to prepare thin sections and study the pore 
structure by microscope. The influence ofboth the fines ratio and the total amount of fines passing 
the 75 J.tm (No. 200) sieve was investigated in order to determine the amount of fine material 
passing the 75 J.tm (No. 200) sieve that a base gravel could tolerate before loosing strength 
properties and also how the fines ratio influenced strength properties. Results of this study 
demonstrated that if the percent passing a 75 J.tm (No. 200) sieve was below seven percent, a well 
drained pore system existed and high pore pressures were absorbed by a widespread pore channel 
system. If the percent passing the 75 J.lill (No. 200) sieve was between seven and nine percent, the 
pore channel system was more narrow and less interconnected, but the drainage capability still 
appeared to exist. When the percent passing the 75 J.tm (No. 200) sieve exceeded nine percent, the 
grain structure was densely packed and the pore system lacked interconnection. Layers of fines 
surrounding the grains resulted in a decrease in both shear strength and drainage capability. 
Gonzalez examined and reported upon the stability of open-graded bases of various gradations and 
aggregate types when sub jected to traffic, [25]. A small scale test box was designed and 
constructed to contain the base materials to be tested. Traffic was applied with a tire load directly 
on top of the bases. Rut depths at the deepest point of the wheel path were taken and used as a 
measurement of the stability of the material. Six different gradations of two types of materials 
were tested and compared with the performance of the U.S. Army Corps of Engineers standard 
crushed stone base coarse gradation. None of the gradations evaluated were stabilized. Based on 
the results of the tests conducted, Gonzalez concluded that the aggregate gradations utilized to 
create specimens CS-V and CS-VI were suitable for use as open -graded bases. These gradations 
provided an acceptable permeability without sacrificing strength or stability under direct traffic 
loads. Because open-graded base specimens comprised of rounded aggregates resulted in a 
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dramati c redu ction in stability, Gonzalez re commended that rounded aggregates not be used for 
open-graded bases. Gonzalez also found that the permeability, at least as determined in his 
evaluations, can be as mu ch as 12 times greater for open-graded bases than for well graded bases. 
Ni chols informed the crushed stone industry about the benefits of permeable base layers in a 1991 
arti cle published in the Stone Review, [26]. Traditional pavement design typi cally used dense 
graded aggregates in the base layer design. However, Ni chols told readers that current design was 
moving toward a combination of dense-graded and open-graded layers in base design. Ni chols 
reasoned that the shift from ex clusive dense -graded aggregate bases to more open-graded bases 
should not be viewed by produ cers as an in creased cost fa ctor that would have to be combated by 
the industry (the chief cost resulting from coarser aggregate gradations is disposal of the in creased 
amounts of fine materials). Instead, Ni chols en couraged industry offi cials to view this 
development as a new market for its produ cts. Be cause a filter layer is essential to prevent 
intrusion of fines into the voids of open-graded drainage layers, future road constru ction proje cts 
will continue to use the dense-graded aggregate layer as a filter layer. Ni chols pointed out that 
geotextile fabri cs could be used as filter layers, but probably at no less cost and certainly no more 
effe ctively than a dense-graded aggregate layer. Additionally, the dense-graded layer provides a 
more uniformly stable platform for the layers above than does thin fabri cs. Ni chols indi cated that 
the combined thi cknesses of the two aggregate layers (dense-graded and open-graded) should be 
rated at least equal to the same total thi ckness of dense-graded aggregate alone when considering 
stru ctural credit (stru ctural number). If the usual coeffi cient for aggregate base is upgraded for 
superior drainage, as des cribed in the AASHTO Design Guide, the fmal stru ctural number may be 
superior to the same thi ckness of dense-graded aggregate. The AASHTO manual provides 
modifi cations to the normal coeffi cients of relative strengths assigned to untreated base and 
subbase materials in proportion to the quality of drainage provided, upgrading them as mu ch as 
40 per cent where the material is most effe ctively drained. 
Manz reported on the use of a geotextile fabri c for separation between a free-draining aggregate 
layer from the soil subgrade, [27]. Manz states that one of the major causes of pavement distress 
is inadequate drainage of water from a pavement stru ctural se ction. The case study reported by 
Manz in the arti cle fo cuses on the design considerations using a free draining base layer whose 
performan ce was assisted by the use of a needle pun ched nonwoven geotextile on a 8.4 km (5.2 
mi) se ction ofU.S. 1 19 between Charleston and Madison, West Virginia. In clusive to this study, 
it was de cided to in corporate the free draining layer just above the existing subgrade for handling 
intrusive groundwater as well as water migrating from the pavement surfa ce. A conservative 1 00-
mm (4-in.) thi ckness for the free-draining layer was spe cified. A "V " dit ch was designed to 
con centrate the water to allow it to pass through controlled outlets. The geotextile was lapped 
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ba ck over the free draining base to en capsulate that portion whi ch would eventually be overlain 
by the shoulder material. The design was expe cted to enhan ce the life of the roadway. 
The West Virginia Department of Highways constru cted this initial proje ct using a free-draining 
approa ch during the summer of 19 82, [2 8]. The con cept of using a drainage layer in pavement 
systems was reportedly a worthwhile venture. Even though measurable free water had been 
do cumented in the subpavement colle ction tren ches (lo cated at the edge of the pavement), water 
was never found to a ccumulate in the free -drainage base within the a ctual pavement stru cture 
itself. The most effe ctive method of outletting the water from the pavement was still largely 
unde cided. West Virginia's original free-drainage proje ct, whi ch used a subpavement "V " shaped 
colle ction dit ch coupled with aggregate filled engineering fabri c underdrains was continuing to be 
effe ctive , but the in creasing number ofunderdrain outlets that appeared to be be coming clogged 
or blo cked on that proje ct was a sour ce of con cern. It was con cluded from the experien ce gained 
from monitoring this experimental proje ct that the continued effe ctiveness could have been better 
ensured if a more positive and prote cted means of outletting water from the system had been 
employed. 
Better Roads magazine published an ex cellent summary on the use of geotextiles in the highway 
constru ction industry during 19 8 8, [29]. The arti cle notes three basi c fun ctions that geotextiles 
perform relative to pavement constru ction: separation, drainage, and soil reinfor cement. 
Geotextiles have been shown to prevent intermixing of an aggregate base and the underlying 
subgrade soil. This intermixing of the soil and aggregate destroys the effe ctiveness of an 
aggregate se ction. When a sub grade soil is subje ct to persistent or even o ccasional wet conditions, 
a geotextile pla ced over the subgrade must be highly penneable. This fa cilitates rapid drainage 
of the water from the sub grade soil up into the free draining aggregate base. The reinfor cement 
fun ction of a geotextile is developed through the me chanisms of restraint or confinement, fri ction, 
membrane effe ct ,  and lo cal reinfor cement. 
Prefabri cated subsurfa ce drains were developed in the late 1 960s and early 1970s, [30]. A 
subsurfa ce drain system that utilized syntheti c materials and fulfilled requirements for filtration 
and water flow was fabri cated in lengths that were easily handled and installed in the field. This 
drain system eliminated many of the constru ction problems that had been en countered with the use 
of mineral aggregate drains. A fine mesh cloth was determined to be an effe ctive filter for a wide 
range of soil types. A thin channelized core allowed free movement of water into the outlet pipe. 
Additionally, the prefabri cated subsurfa ce drains allowed pla cement where conventional drains 
would have been diffi cult to constru ct. Prefabri cated subsurfa ce drains also were found to be 
e conomi cally competitive with conventional mineral aggregate systems. 
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In 1 967 the O ffice of the Chief of Engineers and the U.S. Army Engineer Division, Lower 
Mississippi Valley authorized a study by the U.S. Army Corps of Engineer's Waterways 
Experiment Station to develop acceptance specifications and design criteria for the use of filter 
cloths to replace certain granular layers of graded filters in drainage systems, [3 1 ] .  Calhoun 
reported that woven filter cloths could satisfactorily replace granular filter materials. However, 
it was found that non-woven filter cloths or woven cloths with less than four percent open area 
were not effective where silt was present in sandy soils. Calhoun recommended that minimum 
tensile strengths in the strongest and weakest directions of the cloths be not less than 2 ,4 1 5  and 
1 ,725 kPa (350 and 250 psi), respectively, when stones or rubble are to be dropped directly on the 
cloth. Cloths made of polypropylene, polyvinylidene chloride, and polyethylene fibers do not 
appear to deteriorate under most conditions. When filter cloths are to be used to wrap collector 
pipes or in similar applications, backfill materials should consist of clean sands or gravels graded 
such that 8 5 percent of the backfill material is equal to or greater in size than the equivalent 
opening size (EOS) of the cloth. Calhoun recommended that cloths be made of monofilament 
yams and absorption of the cloth not exceed one percent. 
3.4 PERMEABILITY TESTING INFORMATION 
Permeability computed on the basis of Darcy's Law is limited to the conditions of laminar flow 
and complete saturation of the voids. In turbulent flow, the flow is no longer proportional to the 
first power of the hydraulic gradient. Under conditions of incomplete saturation, the flow is in a 
transient state and is time-dependent. However, laboratory procedures presented for determining 
the coefficient of permeability are based on the Darcy conditions of flow. Departure from the 
Darcy flow conditions to simulate natural conditions is sometimes necessary ; however, the effects 
of turbulent flow and incomplete saturation on the permeability must be recognized and taken into 
consideration. The U. S. Army Corps of Engineers recommended that a constant-head method be 
utilized when determining the permeability of remolded samples of coarse-grained specimens such 
as clean sands and gravels that have permeabilities greater than about 8.5 meters per day (2 8 feet 
per day), [34]. 
Barenberg and Brown described three methods used to test the hydraulic conductivity and 
permeability of aggregate materials in a 1 9 8 1  FHWA report, [35]. The first method was a 
constant-head permeability test. A cylindrical sample was compacted in a cylinder and water was 
allowed to flow through the sample under a constant head. When the flow reached a constant rate, 
measurements were obtained and a coefficient of permeability calculated using Darcy's Law. All 
tests were conducted while using head pressures similar to ones anticipated under field conditions. 
A second method was used to measure the horizontal permeability of a molded specimen. This 
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pro cedure was limited to bound, or stabilized materials. Samples were compa cted in a steel mold 
and then pa cked in an impervious medium ( cast in Hydro cal) for testing. Samples were tested for 
hydrauli c condu ctivity in the same orientation as they were molded. A third test was used to 
determine the horizontal permeability of non-stabilized granular materials. The materials were 
compa cted dire ctly in the bowl in whi ch the tests were performed. Plexiglass sides on the test 
chamber allowed the staff to tra ck the contours of the flow net. Dar cy's Law was applied to the 
flow nets and the effe ctive penneability cal culated. 
Moulton and Seals reported the development of a prototype in-situ test devi ce, designated the field 
permeability testing devi ce, for detennination of the permeability of highway base and subbase 
courses, [36]. The resear ch consisted of two phases. Phase I involved development and laboratory 
investigation of feasible in-situ permeability measurement te chniques. As a result of information 
gained during Phase I evaluations, a velo city method of in-situ permeability determination was 
sele cted for further development. Phase II involved constru ction of a prototype field permeability 
test devi ce and an extensive laboratory and field evaluation program. Based on the results of 
Phase II evaluations, it was con cluded that the field permeability test devi ce satisfied proje ct 
obje ctives and provided a convenient means to determine the in-situ coeffi cient of permeability 
of highway bases and subbases with reasonable a ccura cy and reprodu cibility. The devi ce 
permitted design considerations of saturated hydrauli c condu ctivity (permeability) of bases and 
subbases and also permitted the development of constru ction spe cifi cations for the permeability 
of these materials. 
3.5 PERFORMANCE INFORMATION 
Dempsey re cognized that water is a fundamental variable in most problems asso ciated with 
pavement constru ction, design, behavior, and performan ce, [32]. Resear ch was condu cted to 
determine whether or not moisture was a ccelerating deterioration of pavements and if so, at what 
rate? The rate of o ccurren ce of most distress types is nearly always a result of several fa ctors 
in cluding load, moisture, temperature, freeze-thaw, corrosion, et c. Thus, it could not be con cluded 
from the resear ch condu cted that "moisture alone caused this distress" in most cases, sin ce the 
distress is really caused and propagated by several fa ctors. Therefore, to determine the effe ct of 
moisture on pavement performan ce, its affe ct on a ccelerating the "rate of o ccurren ce" of distress 
was established. Dempsey stressed that the importan ce ofthe hydrauli c  properties of the pavement 
materials, subgrade, and drainage materials should be more fully understood and appre ciated. 
Dempsey con cluded that gravel shoulders provided no removal of moisture from the pavement 
edge and also lost support when moist, ne cessitating continual maintenan ce, [32]. Paved shoulders 
17  
would redu ce maintenan ce efforts and improve the perfonnan ce of pavements by adding lateral 
support and removing moisture from the pavement edge. The shoulder-pavement joint was 
determined to be criti cal to the performan ce of the shoulder. Be cause moisture con centrates both 
under the outer edge of the shoulder and at the longitudinal joint, the problem of frost heave was 
more serious for the shoulder area. This was where water most often entered the pavement 
stru cture and also was where the water could effe ctively be removed or eliminated. Sealants 
redu ced the infiltration rate initially but their ability to limit ingress of water redu ced with time as 
they deteriorated or lost bond with the pavement. A suggested possible solution to the shoulder­
pavement joint is the use of full-width paving to in clude the mainline pavement lane and shoulder 
as an integral stru ctural layer in order to eliminate edge joints between the shoulder and mainline 
pavement. Finally, the study determined that stringent maintenan ce pra cti ces are ne cessary to keep 
pavement subdrainage systems operational after they are constru cted. 
Flynn highlighted Wis consin's Department of Transportation (WisDOT) efforts relative to open ­
graded drainage layers in a 1 99 1  Roads and Bridges arti cle, [3 3] .  The evaluation by WisDOT was 
considered to be one of the most in-depth studies of open-graded bases in the nation at the time 
of this arti cle. WisDOT had de cided to use open-graded base course (OGBC) on all of 
Wis consin's ma jor interstates and highways over a two-year period. Con current with this use 
WisDOT would evaluate this poli cy in relation to completed test data. WisDOT chose to use 
OGBC even though preliminary data on a test se ction had not been completely analyzed. Be cause 
WisDOT chose to use OGBC full time on its highways without the benefit of completed test 
results, the department developed interim guideline spe cifi cations to be used until test data were 
completed. WisDOT de cided to limit its stone spe cifi cations to two gradations: OGBC No. 1 
con crete stone (AASHTO No. 67) and OGBC No. 2, whi ch WisDOT called "free-draining base." 
Chara cteristi cs of the No. 1 stone were (1)  it could not sustain lo cal traffi c and only very little 
constru ction traffi c, (2) it had a permeability of about 3,050 meters per day ( 1  0,000 feet per day), 
and (3) it was used primarily in areas with heavy soil and low permeability. Chara cteristi cs of the 
free-draining base were (1)  it could sustain some constru ction and lo cal traffi c, (2) it had a 
permeability of about 60- 150 meters per day (200-500 feet per day), and (3) it was used primarily 
in those areas where the base course typi cally had to be used as a haul road or when a ccess to lo cal 
traffi c had to be maintained, su ch as in urban environments. 
WisDOT resear ch addressed five main issues: (1)  pavement performan ce, (2) cost effe ctiveness, 
(3) constru ctability, ( 4) traffi cability, or the ability of the base to hold constru ction and lo cal 
traffi c, and (5) maintainability. Results fi·om the study indi cated there was less faulting of 
pavements overlying an OGBC when compared to dense-graded base course (DGBC). There were 
no differen ces dete cted between the OGBC and DGBC relative to distress or ride but there were 
indi cations the OGBC was redu cing some of the freeze-related problems in the northern part of 
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the state. Researchers believed that pavement life may have been extended five to ten years 
through the use of drained pavements (30 years) versus the use of undrained pavements (20-25 
years). At the time of this article, Wisconsin researchers were trying to determine the best 
aggregate gradation for open-graded base that would achieve adequate flow rates and at the same 
time provide necessary construction stability. From the research, it was determined that 
compelling contractors to stabilize the drainage layer was probably the best route (verses giving 
contractors the option not to stabilize). A ma jor disadvantage of using an OGBC is its inability 
to support construction traffic loads without sustaining considerable damage. When utilizing non ­
stabilized OGBC, contractors had to construct and maintain parallel haul roads, adding hidden cost 
to the pro ject, [33] .  
WisDOT specifications called for 100- to 150 mm (4- to 6-in.) diameter longitudinal drainage 
pipes to protect against clogging. These pipes were made of perforated corrugated polyethylene. 
Outlet pipes were non-perforated polyvinyl chloride pipe. Heavier pipe was used as outlet pipe 
to prevent crushing by construction and maintenance equipment. Concrete headwalls with rodent 
screens were placed at the end of all outlet pipes. Outlet pipes were spaced 9 1 - 152 meters (300-
500 ft) at low points. Regular and proper maintenance of the outlet pipes were deemed critical to 
the success of the subsurface drainage system. Generally, the cost of using an OGBC was 
significantly higher compared to a DGBC. However the consensus of the researchers was that the 
initial extra out-of-pocket expense would be returned due to the longer life expectancy of the 
pavement. For a typical four-lane divided roadway, a stabilized OGBC generally added about 
$62,000 - $75,000 per kilometer ($ 100,000 - $120,000 per mile) to the overall cost. The total cost 
increase for the use of non-stabilized OGBC on a four-lane divided roadway, including edge drains 
and fabric, was about $3 1 ,000 to $37,000 per kilometer ($50,000 to $60,000 per mile). 
WisDOT researchers identified general differences between OGBC pro jects and other pro jects as: 
( 1) sub grade construction inspection was critical ; (2) thickness and type ofDGBC was crucial ; (3) 
haul roads were necessary ; and, ( 4) <!-dditional inspection was required. Other points that must be 
considered when working with OGBC are : ( 1) OGBC cannot be hauled on without some damage 
to it - even a stabilized OGBC has limitations in this respect ; (2) if stabilizing is not done then a 
haul road must be provided ; (3) there is some loss of concrete or asphalt pavement yield over 
OGBC ; ( 4) local and construction access during construction is affected by inability to drive over 
OGBC, and ; (5) the dollar cost of negating the above problems could still be eliminated because 
of the cost-effectiveness of the application and the resulting increased pavement life, [33]. 
3.6 DESIGN INFORMATION 
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Allen summarized US Army Corps of Engineers drainage criteria for pavements found in Corps 
of Engineers do cuments in a 1 99 1  report, [37] . The report also contained a similar summary of 
the pavement drainage pra cti ces mandated by private, state and federal agen cies su ch as the 
Ameri can Asso ciation of State Highway and Transportation Offi cials (AASHTO) and the Federal 
Highway Administration (FHWA). The information presented in the report in cluded current 
pra cti ce for the drainage of subsurfa ce stru ctures. A comparison of the two sets of information 
allowed for dis cussion of present defi cien cies in the Corps criteria, as did additional dis cussion 
based on current resear ch at Cold Regions Resear ch and Engineering Laboratory that had not yet 
been in corporated into Corps criteria. Mr. Allen con cluded that the criteria produ ced by the Corps 
of Engineers for drainage of pavement stru ctures and the pra cti ces of those outside the Corps did 
not vary greatly. However, when designing drainage systems spe cifi cally for cold regions, Corps 
and other drainage criteria were both la cking. In all se ctors, from the Corps through the rest of the 
pavement community, the prin ciples of good drainage were well known. The high cost of 
permeable aggregates and the extra care needed to pla ce drainable bases and colle ctors were 
identified as the main fa ctors whi ch prevent regu lar constru ction of wel l-draining pavements. 
A Federa l Highway Administration demonstration proje ct on drainable pavement systems 
provided State highway engineers with current state -of -the-art drainage guidan ce on the design and 
constru ction of permeable bases and edgedrains for Portland cement con crete pavements, [3 8] .  
A blend of drainage design, materials design, and constru ction and maintenan ce pro cedures are 
presented. Mu ch of the pra cti cal guidan ce on edgedrains presented in the report is based on the 
study Concrete Pavement Drainage Rehabilitation, Experimental Proje ct No. 12,  FHW A. The 
te chni cal guidan ce presented in this report is based largely on material in Te chni cal Paper 90-01 
on Pavement Subsurfa ce Pavement Drainage by the FHW A. The material presented in the 
demonstration in cluded information relative to identifying sour ces of water and points of 
infiltration and pavement distress types typi cally caused by moisture. The design information 
presented in cluded considerations of roadway geometry, water infiltration rates, gradation analysis 
of the permeable base layer and porosity, effe ctive porosity requirements, and per cent saturation 
of the permeable base course. Dar cy's Law to cal culate flow rates are identified along with the 
ne cessary pre cautions for its use. Considerable dis cussion is given to identifying permeable base 
materials, the separator or filter layer, longitudinal edgedrains and their capa city and outlet 
spa cing. One se ction of the demonstration materials stresses the importan ce of s cheduled 
maintenan ce of outlet systems. The summary se ction of this pub li cation is highly detailed and 
complete. This se ction should be referen ced for spe cifi c guidan ce in justifYing and designing for 
permeable bases for Portland cement con crete pavements. 
Detailed designs for highway subsurfa ce drainage are presented by Moulton in a 1 9 82 report, [39]. 
The design manual contains general design considerations, data requirements for analysis and 
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design of susbsurfa ce drainage systems, methods and re commended criteria for control of 
groundwater and infiltration inpavement stru ctural se ctions, control of groundwater away from the 
pavement, and a dis cussion of the constru ction and maintenan ce considerations required of 
subsurfa ce drainage systems. 
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4.0 LABORATORY AND FIELD EVALUATIONS 
A previous report issued during this study documented laboratory and field investigations 
performed as part of this study, [ 40]. Potential drainage blanket materials were evaluated in the 
laboratory. Flow rates for several different aggregate gradations, both unstabilized and stabilized 
with asphalt and Portland cement, were determined. The aggregate gradations conformed to 
standard gradations contained in the Kentucky Standard Specifications for Road and Bridge 
Construction, [ 41 ] .  Resilient moduli of the various materials used in the pavement structure were 
evaluated in an effort to assign a structural coefficient to those materials. Field evaluations 
included monitoring construction practices associated with drainage layers and engineering 
performance of subgrade, filter, drainage blanket, asphaltic pavement and Portland cement 
pavements. Monitoring construction of pavement systems involving drainage blankets included 
documenting construction problems, successes, and techniques. Monitoring engineering 
performance of the sites included determination of in-place densities, conducting falling weight 
deflectometer (FWD) tests, performing pavement distress surveys, determining rutting, rideability 
indices (Rl), and monitoring in-place drainage. Performance and maintenance histories (up to 16 
years) of pavements utilizing drainage blankets were also documented. 
4.1 LABORATORY PERMEABILITY TESTS 
The first effort during the laboratory evaluation was determining appropriate methods and 
apparatuses for measuring permeabilities or flow rates of the materials studied. The terms 
permeability and flow rate are interchangeable but permeability is generally used in reference to 
materials having lower flow rates, such as filters, and flow rate is used in reference to materials 
having higher flow rates, such as drainage blanket materials. Materials evaluated during this study 
included the filter layer separating the drainage blanket and subgrade, various aggregates tested 
for possible use in the drainage blanket, bituminous concrete mixes placed on the drainage blanket, 
and other construction materials. Permeabilities of these materials range from less than 0.3 meters 
per day ( 1 .0 ft/day) to several thousand meters per day (ft/day). For materials having low 
permeabilities, the test method used was the falling head method developed by the Army Corps 
of Engineers, [ 42] . 
Materials used for drainage blankets require a different method and test apparatus for detennining 
flow rates. The large aggregate dimensions of some gradations require large specimen dimensions 
and the flow rates of such specimens far exceed the capacity of conventional test apparatuses. 
Initially, a 200-mm ( 8-in.) diameter specimen was used to insure an acceptable specimen 
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dimension to particle size relationship. As laboratory testing progressed, additional information 
prompted the deletion of certain gradations having larger top size aggregate and test specimens 
were reduced to 1 50 mm (6 in.) in diameter. 
The equation used for calculating flow rate or permeability is based on Darcy 's Law and is 
contingent upon the existence oflaminar flow. Laminar flow cannot be assured for high flow rates 
through aggregate, but by keeping the hydraulic head very low, turbulence can be reduced and 
field conditions may be approximated. Initial efforts were directed toward developing an apparatus 
for testing flow rates of drainage blanket gradations. 
Drainage and strength characteristics of a material may change with prolonged flow of water 
through it. These changes could be precipitated by stripping, if asphalt binder is used, or flushing 
of smaller particles. The changes may increase or decrease permeability or decrease strength 
characteristics of the material. Since long-term tests were desirable to monitor possible changes 
in materials, a constant head permeability test was used. Also, this type test permited the selection 
of low, but variable hydraulic gradient (head) values to approximate field conditions. 
Initially, the materials considered for use in drainage blankets ranged from Number 4 gradation 
(maximum particle size of 50 mm (2 in.) and 0 to 5 percent passing the 9.5-mm (3/ 8-in.) screen) 
to Number 6 1 0  gradation (maximum particle size of 37.5 mm ( 1 . 5  in.) and up to 40 percent 
passing the 4.75-mm (No. 4) screen). Based on the 50-mm (2-in.) particle size, a 200-mm ( 8-in.) 
diameter specimen size was chosen. The length to diameter ratio was reduced to 1 . 5  to I for flow 
rate testing. Specimens to be tested for strength maintained the 2 to 1 length to diameter ratio. 
The flow test apparatus consisted of a shallow (250 mm) { 10  in.} reservoir having a large cross 
section ( 1 .2 m2 {12.5 ft2}), a 100-mm (4-in.) supply line to the specimen, a movable specimen 
holder, and a manometer. The reservoir permitted establishment of a constant depth of water in 
the tank by having an adjustable, high volume supply (water main) to the reservoir, an overflow, 
and an on/off valve for the 100-mm (4-in.) specimen supply line. Once a specimen was in place 
and flow through the system began, input to the reservoir was adjusted so supply to the tank was 
balanced to the flow through the specimen and overflow combined. Head was monitored by 
attaching one side of a manometer to the reservoir and the other side to the overflow or tail water 
side of the specimen. Due to changes in the specimen during testing, the flow rate and thus the 
head sometimes changed. The large tank cross section and overflow minimized the rate of head 
change and the manometer permitted precise and constant monitoring of the head. The adjustable 
specimen holder allowed adjustments to the head when specimens of va rious lengths were tested. 
Flow through the specimen was monitored by directing the tail water or flow from the specimen 
into a calibrated container and the collection was timed with an electronic timer. A schematic of 
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the flow test apparatus was presented in Resear ch Report KTC 94-1 3  [ 40]. Cal culated flow rates 
and permeabilities were based on Dar cy's Law. Although laminar flow cannot be assumed for 
open graded materials, test results may be assumed to approximate field values by maintaining 
head values near anti cipated field values. When the basi c requirements of the apparatus were 
determined and the apparatus had been constru cted, fun ctionality testing and calibration of the 
apparatus were initiated. Upper and lower fun ctional limits were established. The upper limit was 
established by running the system with no spe cimen in pla ce and at a maximum head of 200 mm 
( 8  in.) Under these conditions, the system permitted a flow rate of approximately 27,432 m/day 
(90,000 ft/day). 
Sin ce some of the gradations to be tested contained signifi cant amounts of fine material, retention 
s creens were ne cessary at ea ch end of the spe cimen. Frames were ma chined to fit inside the 
spe cimen chamber and fitted with wire cloth corresponding to test sieve aperatures of !50 !-!ill, 600 
!-!ill, and 2.00 mm (US Standard Sieve Numbers 100, 30, and 1 0). Tests indi cated that the 150 !-!ill 
(No. 1 00) s creen signifi cantly redu ced flow, the 600 l-im (No. 30) s creen tended to clog with time, 
but the 2.00-mm (No. 1 0) s creen did not noti ceably affe ct flow at flow rates less than 9,144 m/day 
(30,000 ft/day). 
Sin ce permeability of filters, subgrades, and denser asphalti c con crete may be tested by 
conventional methods, common con crete sand, meeting the gradation requirements of ASTM C 
33 [43], was chosen to determine lower end performan ce chara cteristi cs of the test apparatus .  
Nine tests were performed with a smaller colle ction container and the resultant flow rate was about 
22 m/day (72 ft/day) for all tests. 
The apparatus was calibrated against the flow rate of various gradations published in FHW A-TS-
80-224, Highway Subdrainage Design, [39]. Figure 29 of the design manual charts gradations and 
flow rates for several filter and open graded materials. Gradations with flow rates of 1 , 830, 4,265, 
6,095, and 1 0,975 m/day (6,000, 14,000, 20,000, and 36,000 ftlday) were sele cted for comparison. 
The Highway Subdrainage Design manual did not provide information on the parti cular 
permeability test method used or how spe cimens were prepared to derive Figure 29. A sear ch of 
arti cles referen ced in the figure was made but these did not reveal what test method was used 
either and only a general statement of spe cimen preparation typified as "moderate" compa ction 
was identified. Spe cimens for the calibration tests were composed of crushed limestone whi ch 
was s creened and re combined to the gradations indi cated in Figure 29 of the design manual. 
Compa ction for all spe cimens was standardized at one minute (maximum for ce) on a vibration 
table with a 12. 7-kg (2 8-lb) sur charge. Spe cimens were compa cted in one lift with 2.00 mm (No. 
1 0) retaining s creens pla ced at both ends after compa ction. Compa cted spe cimens exhibited 
densities between I ,445 and 1 ,605 kg/m3 (90 and 100 lbs/ft\ 
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Results of the calibration flow tests indi cated that the apparatus devised by KTC yielded values 
comparable to FHWA's tests for gradations at flow rates of 1 , 830 and 4,265 m/day (6,000 and 
14,000 ft/day). At higher flow rates, KTC values were somewhat less than values reported by 
FHW A. This differen ce is possibly due to turbulent flow. Sin ce KTC tests were condu cted on 
relatively large spe cimens and with head conditions expe cted in the field, resear chers were 
confident that KTC laboratory flow rate test results were representative of field conditions. Sin ce 
expe cted flow rates within drainage blankets were less than 6,095 m/day (20,000 ft/day) and 
results from calibration tests were repeatable, the apparatus was used as constru cted. 
Initial efforts to determine flow rates of possible drainage blanket gradations involved obtaining 
a quantity of crushed limestone aggregate, sizing it, and re combining the aggregate to the 
gradation requirements contained in the Kentu cky Standard Spe cifi cations for Road and Bridge 
Constru ction, [ 4 1 ] .  Gradations were re combined to the center and fine side of the spe cifi cation 
band. Gradations originally sele cted for evaluation in cluded 57's, 6 10's, 67's, 6 8's, 7 1  O's, 7 8 's, and 
8 's. 
The current drainage blanket gradation spe cifi cation is a Number 57 gradation for untreated or 
Portland cemented treated blankets and a gradation very similar to Number 57 (allows additional 
minus 4 material) for asphalt treated drainage blankets. A gradation meeting spe cifi cation 
requirements for both asphalt and Portland cement treatment was prepared and spe cimens of ea ch 
type treatment were prepared for flow tests. Flow test results oflaboratory re combined gradations 
indi cated that the Number 57 gradation (or the gradation spe cified for asphalt treatment) provided 
the highest flow rate, 4,300 m/day (14,100 ft/day) and the Number 610 gradation provided the 
lowest flow rate, 1 ,220 m/day (4,000 ft/day). Asphalt treatment of the Number 57 gradation 
redu ced the flow rate by about 37 per cent to approximately 3 , 140 m/day ( 1 0,300 ft/day). 
However, Portland cement treatment in creased the flow rate to approximately 7,925 m/day (26,000 
ft/day). The in creased flow rate observed in the Portland cement treated spe cimen was attributed 
to a de crease in unit weight of the spe cimen. The Portland cement treated spe cimen did not 
densitY as mu ch as the asphalt treated spe cimen under the same compa ction effort. For ea ch 
re combined gradation, the spe cimen prepared at the finer boundary of the gradation spe cifi cation 
indi cated de creased flow rate. 
Flow rate chara cteristi cs of aggregate gradations from Kentu cky aggregate suppliers were also 
evaluated. Aggregate samples taken from the sto ckpiles of several central Kentu cky suppliers 
were obtained. Aggregate gradations evaluated in cluded 57 's, 6 10's, 67 's, 6 8 's, 8's (from 2 
suppliers), and 1 1  's. Sieve analyses were performed to determine adheren ce to spe cifi cation 
requirements by Kentu cky Method 64-602-9 1 ,  [44]. Test results revealed that Numbers 57 and 
8 were generally within gradation spe cifi cation requirements but the remaining gradations were 
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found not to be within specification requirements. In most cases, the stockpiled material contained 
more fine material than pennitted by the specifications. Since materials used to construct drainage 
layers often do not meet specified gradation requirements, flow tests were conducted on specimens 
sampled from producer stockpiles. Quantities of the stockpiled materials were obtained and 
specimens were prepared with asphalt treatment, Portland cement treatment, and no treatment. 
Care was taken with material obtained for both flow rate and gradation testing to maintain 
representative portions for test specimens. Materials obtained from stockpiles were reduced to 
specimen size portions using ASTM C 702, Method A, [45] .  Because some gradations are not 
commonly stockpiled by all suppliers, four common gradations were selected for flow rate testing 
of treated and untreated specimens. Those gradations included Numbers 57, 67, 8 ,  and 6 10. It 
was determined during flow testing activities that gradations having aggregates larger than 37.5 
mm (1 -\12 in.) (Number 57 gradation) were not necessary to obtain sufficient flow rate and 
specimen dimensions were reduced to 150 mm (6 in.) in diameter and 300 mm (12 in.) in length. 
Flow rates of the stockpiled specimens were found, in some cases, to differ from flow rates 
obtained from recombined gradations. All gradations except Number 57 indicated the highest flow 
rate in the untreated condition with some reduction of flow rate for asphalt or Portland cement 
treatment. In most cases, the reduction in flow rate was 610 to 9 15  m/day (2,000 to 3,000 ft/day). 
The Number 57 gradation, when treated with Portland cement, indicated an increased flow rate. 
The increased flow rate was attributed to the decreased unit weight of the Portland cement treated 
specimens. Initial analyses of all density versus flow rate data indicated a moderate correlation, 
i.e., an increased flow rate typically occurs at lower specimen densities. It was not possible to 
prepare an asphalt treated Number 6 10  gradation specimen. The large amount of fine material in 
the Number 6 10  absorbed the asphalt and did not permit coating of the larger particles. 
4.1.1 Field Compacted Drainage Blanket Specimens 
Several construction projects, utilizing both treated and untreated aggregate drainage blankets, 
were ongoing while the evaluation of different gradations for flow characteristics continued. 
Asphalt treated material was obtained from the asphalt spreader at one project and specimens were 
compacted at the site. Results of flow test for these specimens further established that unit weight 
significantly impacts flow rate. Field specimens having unit weights ranging from I ,4 13 to 1 ,  7 82 
kg/m3 ( 8 8  to 1 11 lbs/ft3) had flow rates ranging from 8,534 to 3,353 m/day (2 8,000 to 1 1 ,000 
ft/day), respectively. 
Also during flow rate evaluation of field specimens, it became apparent that flow rates of asphalt 
treated specimens tended to decrease as the specimens were subjected to longer periods of flow. 
After flow tests had been conducted, specimens were broken and examined for asphalt stripping. 
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Stripping had occurred in the specimens and the stripped asphalt clogged the voids causing 
decreased flow rates in the specimens. Twelve asphalt treated specimens of various gradations 
were molded in the laboratory and evaluated for potential stripping. Specimens remained the 
flow-test apparatus with flow through them and were monitored until the flow rate stabilized. In 
some instances, duration of the stripping test was 200 minutes. All specimens exhibited signs of 
stripping with some flow rates decreasing to less than one-half the initial flow rate for the 
specimen. Neither laboratory nor field specimens contained any anti-stripping agents. 
4.1.2 Permeabilities of Other Paving Materials 
Permeability of pavement structure material above and below the drainage blanket was 
determined. A nuclear gage was used to monitor the field density of underlying filters and 
overlying asphaltic pavement mixes. Mix design, specifications, and in-place densities were used 
to prepare laboratory specimens for testing. The materials included dense graded aggregate 
(DGA), stabilized aggregate base (SAB), Class I bituminous base, and Class K bituminous base. 
Permeability of DGA was 2.0 x 10·4 em/sec, SAB was 1 .28 and 0.23 x 10·7 em/sec, Class I base 
was 4.78 x 10·5 em/sec, and Class K base was 3,000 ft/day. Density of the laboratory prepared 
Class K base specimen was 1,990 kg/m3 (124 lbs/ft3) as compared to field densities of 2,328 to 
2,408 kg/m3 ( 145 to 150 lbs/ft3). Concrete sand (ASTM C 33) is often used as trench backfill for 
edge drain collector systems. Flow tests of concrete sand indicated a flow rate of 22 m/day (72 
ft/day) or 2.54 X 10·2 em/sec. 
4.2 RESILIENT MODULUS EVALUATIONS 
Resilient moduli of the various materials used in the pavement structure were evaluated in an 
attempt to determine a structural coefficient for those materials. The standard test method, ASTM 
D 4 123, was not used since several of the materials being evaluated did not lend themselves to that 
test method, [46]. Large voids in the Class K base and most drainage blanket specimens did not 
provide adequate surface area to mount sensors. Non-cohesive materials, such as DGA and 
unbound drainage blankets, also presented problems when the standard test method was attempted. 
Because of the nature of the materials being evaluated, the resilient modulus was determined using 
unconfined compression tests of cylindrical specimens with the conventional 2 : 1  height to 
diameter ratio. 
All specimens were tested at room temperature and under the same conditions of confining 
pressure (0.0 kPa {0.0 psi}) and stress (206.8 kPa {30 psi}). Room temperature was normally 
2 1 . 1  °C (70°F). Variations in temperature were recorded and moduli were normalized to 2 1 . 1  °C 
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(70'F) using relationships developed through previous research, [ 4 7]. The compressive load was 
applied with a square waveform (instantaneous load and unload) at a frequency of one hertz. 
Loading time for the specimens was 'h second and the unload time was also 'h second. Total 
resilient modulus was calculated using the total recoverable strain during the unloaded portion of 
the cycle. The test apparatus used was an electrohydraulic, closed loop servo-valve, 4,536 kg (10  
kip) capacity MTS test machine. Data were collected with an electronic load cell and both external 
(mounted to the specimen) and internal (test machine) linear variable differential transformers 
(L VDTs). Machine strain was isolated and subtracted from the internal L VDT output for modulus 
calculations. Outputs from the sensors were recorded for all test cycles but data for modulus 
calculation were taken after 100 test cycles to allow for specimen conditioning. 
All specimens tested for resilient modulus were molded specimens, not field cores. Field 
measurements with nuclear density instruments indicated that in-place densities of asphalt treated 
drainage blankets ranged from 1 ,685 to 1 ,766 kg/m3 ( 105 to 1 10 lb/ft'). Target densities of molded 
specimens were within the range of measured in-place densities but specimens were compacted 
both on site and in the laboratory. Field compacted specimens did not always fall within the target 
density range. Laboratory molded specimens were of various gradations while field molded 
specimens were of actual drainage blanket, Class K, or Class I materials. 
Laboratory test results indicated that, when the density was constant, resilient modulus did change 
greatly with the asphalt treated gradations tested. Gradation Numbers 8, 67, and 78 all averaged 
approximately 379 MPa (55,000 psi) and gradation Number 57 averaged 538 MPa (78,000 psi). 
Moduli of specimens significantly outside the target density were not included in the analyses. 
SAB and DGA filter material specimens and Class I and Class K base mixture specimens were 
compacted in the field for resilient moduli evaluations. Density of SAB and DGA specimens 
ranged from 2,344 to 2,424 kg/m3 (146 to 1 5 l lbs/ft3). SAB specimens were cured 45 days before 
resilient modulus testing. Two SAB specimens were cured under damp burlap and two others 
were cured in water. The two specimens cured under burlap had moduli of 41 ,368 and 34,474 
MPa (6,000,000 and 5 ,000,000 psi) while the soaked specimens had moduli values of38,610 and 
33,095 MPa (5,600,000 and 4,800,000 psi). DGA specimens were cured seven days and had 
moduli values of 48, 90, and 97 MPa (7,000, 13 ,000 and 14,000 psi). These values are low but 
are comparable with results reported from other studies when tested without confining pressure, 
[ 48]. Densities of Class I specimens were comparable to measured in-place densities at 
approximately 2,344 kg/m3 (146 lbs/ft3). Class K specimens were very difficult to compact in the 
field and densities of the specimens ranged from 1 ,894 to 1 ,990 kg/m3 ( 1 1 8  to 124 lbs/ft'). The 
low densities of the Class K specimens resulted in low resilient moduli ranging from 889 to 1 ,296 
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MPa ( 129,000 to 1 88,000 psi). Resilient moduli values of Class I specimens ranged from 1 ,303 
to 1 ,600 MPa ( 1 89,000 to 232,000 psi). 
Specimens of the Number 57 gradation with Portland cement stabilization, conforming to 
Kentucky Specifications, were prepared for evaluations. Two specimens were cured in the mold 
with plastic covers and two others were cured in the mold with damp burlap covers. One of the 
plastic covered specimens was damaged and was unable to be tested. The remaining plastic 
covered sample had a modulus value of 13 ,790 MPa (2,000,000 psi). The specimens that were 
cured covered with wet burlap had moduli values of 13 ,790 and 9,653 MPa (2,000,000 and 
1 ,400,000 psi). 
4.3 CONSTRUCTION AND PERFORMANCE EVALUATIONS 
Field evaluations performed during this study included monitoring selected existing and newly 
constructed pavements wherein special subdrainage layers were incorporated into the design of 
the pavement structure. Construction and engineering performance of sub grade, filter, drainage 
blanket, asphaltic concrete pavement and Portland cement concrete pavements were observed. 
Monitoring construction of pavement systems involving drainage blankets included, but was not 
limited to, documenting construction problems, successes, and techniques. Monitoring 
engineering performance included measuring in-place densities during construction, conducting 
Falling Weight Deflectometer (FWD) tests, performing pavement distress surveys, determining 
rutting, rideability indices (RI), and monitoring in-place drainage. Performance and maintenance 
histories (up to 1 6  years) of pavements utilizing drainage blankets are also documented. 
Several sites were included in the evaluation process. At the time, some were under construction 
and some were approaching 1 5  years of service. A variety of sub grades, filters, drainage blankets 
and pavements were inspected. Most sites were located in Central or North Central Kentucky. 
4.3.1 Evaluation of ln-Situ Layer Moduli of Drainable Base Materials 
Falling Weight Deflectometer (FWD) testing was conducted on selected highway projects during 
the study to evaluate the in-situ layer moduli of various drainable base materials. The FWD is a 
nondestructive testing device which determines the deflection of the pavement structure under a 
given dynamic load. A uniform load is applied to the pavement surface and the pavement surface 
deflections resulting from this load are recorded at several radial distances from the center of the 
load. Tests were made at selected intervals along each project to provide sufficient data to 
represent the project. 
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The deflection data were analyzed using the MODULUS backcalculation procedure developed a 
the Texas Transportation Institute. The program compares measured pavement deflections with 
deflections that are determined using a linear elastic pavement analysis program for varying elastic 
layer moduli. The elastic layer moduli of the theoretical deflection bowl which best fits the 
measured deflection bowl are then used to represent in-situ properties of the pavement structure. 
Pavement cross sections which were evaluated consisted of asphalt treated and untreated 57  grade 
stone base above a layer of dense grade aggregate. Results of the backcalculation provided ranges 
of elastic moduli for each material type. The 1 993 AASHTO Guide for Design of Pavement 
Structures was used to determine the structural layer coefficient for the different materials. Figure 
2.9 of the AASHTO Guide was used to convert the backcalculated layer moduli for the asphalt 
treated materials to an equivalent structural layer coefficient. Figure 2.6 of the AASHTO Guide 
was used to determine the equivalent structural layer coefficient for untreated materials. Table A 
summarizes the average backcalculated layer moduli of the drainage layers. 
Table A 
Material Type 
Asphalt Treated 57's 
Untreated 57's 
4.3.2 Existing Sites 
Layer Moduli 
(MPa) 
800 - 1 ,500 
3 10 - 450 
(ksi) 
1 16 - 220 
45 - 65 
Layer Coefficient 
0. 14 - 0.23 
0. 1 8 - 0.22 
Existing sites monitored during this study included KY 55 in Taylor County; US 23, Louisa 
Bypass, in Lawrence County; and the AA Highway in northeastern Kentucky. 
4.3.2.a KY 55, Taylor County 
A 8 .4-km (5.2-mi) section of Ky 55, near Campbellsville in Taylor County, was constructed in 
1 978 and contained ten experimental sections containing five different designs. The site layout 
had four sections incorporating untreated drainage blankets and one is a control section where the 
drainage blanket was excluded. Earlier reports document construction and performance of the site, 
[ 48, 49]. Based on that initial attempt to incorporate an untreated drainage blanket in the pavement 
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structure, it was concluded that it was difficult to place the bituminous layers above untreated 
material, [ 48].  Pavement deflection tests and analyses performed during the initial evaluation 
indicated little significant difference between sections of equivalent thickness. However, it was 
concluded that the drainage system functioned well. Graves performed a subsequent evaluation 
of the experimental site in 1989, [ 49]. Graves concluded that after 1 2  years of service the drainage 
blanket was in good condition and functioning well; however, outlet headwalls were clogged. The 
pavement was characterized as in generally good condition with most distress occurring in the 
thinner design sections. 
A subsequent observation made at the site during a heavy rainfall revealed that the drainage system 
still responded quickly (within minutes) after the onset of precipitation even though nearly 70 
percent of the outlets were clogged and in need of maintenance to provide free drainage. Typical 
obstacles to free drainage were grass and debris in the headwall and rodent screens. Ponding 
(ditch line blockage) and displaced outlets were also observed. 
The KY 55 experimental section went 14 years without overlayment. It received a 25-mm ( l-in) 
surface course in 1990 and, just south of the experimental section, a 25-mm ( l-in) surface course 
in 1 99 1 .  The maintenance engineer responsible for Taylor County stated that there were no 
significant differences in pavement condition of the experimental and control sections but that 
fiscal factors determined the timing of the overlays. The maintenance engineer indicated that 
rutting or cracking was not the reason for resurfacing but that some raveling of the pavement had 
occurred. 
4.3.2.b US 23, Louisa Bypass, Lawrence County 
The Louisa Bypass was completed in July 1989. The pavement consisted of a 25-mm ( l-in.) 
surface course on an experimental, 300-mm ( 12-in.) thick-base course of large stone mix (Class 
K base), placed in three (3) courses of equal thickness, above a 100-mm (4-in.) drainage layer of 
untreated 57's on a 1 00-mm ( 4-in.) thickness of densly-graded aggregate. Construction and short­
term performance were documented by Mahboub and Fleckenstein, [50]. 
After two years of service, significant rutting had already developed, especially in areas where 
heavily loaded trucks moved slowly. Investigations indicated that the pavement rutting (up to 45 
mm { 1 .  8 in. }) was primarily in the experimental Class K base. Measurements of pavement cores 
taken in the rutted wheel paths and between the ruts indicated that the rutting occurred in the top 
two courses (200 mm { 8 in.} )  of Class K base. The northbound lanes developed such severe 
surface irregularities that required milling and resurfacing the lanes in 1994. The irregularities 
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were humped or domed areas, not typical distresses, and were thought due to movement of the 
untreated drainage blanket beneath the Class K base layer. 
4.3.2.c Ashland to Alexandria (AA) Highway 
The AA Highway extends from Alexandria in North Central Kentucky to the Ashland area of 
Eastern Kentucky. The highway was constructed in separately bid sections and incorporates 
several different pavement designs with approximately one-halfinvolving some type of subsurface 
drainage. The drainage blanket was either untreated 57's or asphalt treated 57's and included a 
collection system or was daylighted to the shoulder. Most of the sections were completed between 
1 987 to 1 990. All components of the pavement structure varied depending upon design. Sub grade 
conditions included no treatment, modification with lime or Portland cement. The base layer was 
constructed of dense graded aggregate (DGA), stabilized aggregate base (SAB), or deleted (full­
depth bituminous pavement). Pavement thickness and mix requirements varied. A filter fabric 
was used in one section and the drainage blanket was daylighted in another. All the various design 
sections have been detailed in a previous report, [40] . Because of the number of design sections, 
the AA Highway provided an excellent opportunity to compare the different combinations relative 
to one another. 
The pavement sections containing subsurface drainage were monitored through pavement 
deflection testing, pavement distress surveys, rideability indices (Rl), visual surveys of drainage 
during and after precipitation, and outlet condition surveys. Pavement distress surveys indicated 
that the pavement surface, after five to six years of service, was in good condition. Rutting of the 
asphaltic concrete pavement typically ranged from 3 to 9 mm ( 1/8 to 3/8 in.) with little discemable 
differences between design sections. There was moderate cracking observed with the more 
significant cracks being longitudinal between the wheel paths. Transverse cracks were significant 
only in the western 5.6 km (3.5 mi) of the AA highway near Alexandria and at Maysville in Mason 
County where there higher traffic volumes. Except for the Maysville section, cracking of either 
type (longitudinal or transverse) was common to all sections having drainage blankets. Conversly, 
significant cracking was noticeably absent from sections without drainage blankets. Slight 
raveling was noted in the pavement surface throughout much of the total length of the AA highway 
but was not distinguishable between the varying design sections. 
Visual surveys were performed on numerous drainage outlets revealed good drainage during 
precipitation. The drainage outlets were remarkably clear and clean when compared to other sites 
evaluated during this study. Of particular interest was the performance of the section containing 
the daylighted drainage blanket. An inspection performed shortly after a moderate rainfall 
indicated that the day lighted section was functioning well. As expected, side slopes in sections 
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having edge drains and an outlet system were dry except below the outlets while the side slopes 
at the day lighted sections were damp. There were some concerns expressed that the day lighted 
drainage blanket would clog by encroaching vegetation and the collection of silt. However, based 
on observations to date, those concerns appear to be unwarranted. Vegetation encroachment has 
been minimal thus far. One problem with the daylighted drainage blanket was displacement of 
aggregate by vehicles driving off the partial-width paved shoulder. In areas where guardrail was 
placed, the exposed blanket looks much as it did when it was placed. However, in areas without 
guardrail, there was significant displacement of the day lighted drainage layer where vehicles had 
driven off the shoulder. 
FWD data have been collected and evaluated almost continually since the AA highway has been 
in service. Rideability index (RI) data for the AA Highway were obtained from the Department 
of Highways' Pavement Management Group and analyzed. Overall, most of the route exhibited 
good RI values but with some obvious decreases of the values in the older pavement sections 
within Mason and Lewis Counties. 
Changes in RI values with time were compared for the different design sections. The AA 
Highway has nearly 30 design sections and many of them are identical or very similar. 
Contiguous design sections were able to be grouped into five groups for comparison purposes. 
Group One consisted of sections having 275 mm (I I in.) of pavement on an asphalt treated 
drainage blanket on a lime stabilized sub grade. Group Two had the same layer thickness as Group 
One and the drainage blanket was unstabilized. Group Three sections had 250 mm (10 in.) of 
pavement ( +/- 12.5 mm {0.5 in.}) on an asphalt treated drainage blanket on a stabilized aggregate 
base. Group Four sections had varying thicknesses (250 to 350 mm { 10  to 14 in.} )  of pavement 
on dense graded aggregate with Monsanto panel edgedrains. Group Five had 213  to 225 mm (8.5 
to 9 in.) of pavement on 100 mm ( 4 in.) of either dense graded aggregate or rock roadbed and no 
drainage system in place. Group One exhibited a I 0 percent decrease in RI initially and little 
change thereafter during the study period. Groups Two, Three, and Four had only slight 
decreases. Group Five had a more pronounced and continuing decrease. 
4.3.3 Newly Constructed Sites 
Newly constructed sites monitored during this study included sections of reconstructed US 127 
in Mercer and Franklin Counties and reconstructed I-264 (Waterson Expressway) in Jefferson 
County. 
4.3.3.a US 127, Mercer County 
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A portion of northbound lanes of reconstructed US 127 in Mercer County was chosen for 
monitoring during this study. Design for the section included a 275-mm ( 1 1 -in.) bituminous 
concrete, a 100-mm (4-in.) untreated Number 57 gradation drainage blanket, a 1 00-mm (4-in.) 
dense graded aggregate layer that served as a filter, and a 200 mm (8 in.) thick, lime stabilized 
( 6 percent) sub grade. Deflection testing of the structural layers was performed with the FWD 
during construction and on the pavement surface at various times after completion of the pavement 
project for subsequent analysis. 
During construction, it was difficult to maintain the profile of the drainage blanket layer due to 
rutting or displacement and compaction of the first base course of the bituminous pavement. The 
drainage blanket profile was maintained by shaping and rolling in front of the paving operation. 
The first course of the bituminous base tended to spread under compaction by nearly one foot on 
each side of the mat. While some spreading was to be expected, this was excessive and due 
largely to the movement of the untreated drainage blanket under the base placement action. 
A subsequent observation made after two (2) years service, during a light rain, showed the 
drainage system to function well but in need of outlet maintenance. There was good flow from 
the open outlets. Fully one-half ofthe outlets were effectively plugged with grass and debris. In 
more than one case, grass roots and film-like deposits in the rodent screen plugged the outlet so 
that when the screen was partially removed water spewed several millimeters (inches) into the air 
under the pressure. The system obviously was under several millimeters (inches) of head. There 
were no significant pavement distresses observed at this site during the monitoring period. 
4.3.3.b US 127, Franklin County 
The realignment ofUS 127 in Franklin County, from the Anderson/Franklin County line extending 
north through the I-64 interchange, included drainage blanket throughout the entire 8 .0-km (5-mi) 
section. Four separate designs were incorporated in the project. One design section was 238 mm 
(9.5 in.) of Class K bituminous concrete on 1 00 mm ( 4 in.) of untreated drainage blanket on 200 
mm (8 in.) of stabilized aggregate base on 200 mm (8 in.) of lime treated subgrade. The second 
section was the same design except that the drainage blanket was asphalt treated. Section three 
had a design section of 262 mm ( 1 0.5 in.) of Class K on 100 mm (4 in.) of asphalt treated blanket 
on 125 mm (5 in.) of stabilized aggregate base on 200 mm (8 in.) of lime treated subgrade. The 
fourth section extended from Station 309+20 to 364+70 and had 262 mm ( 10.5 in.) of Class K on 
1 00 mm (4 in.) of asphalt treated blanket on 1 25 mm (5 in.) of stabilized aggregate base on an 
untreated subgrade. 
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Field monitoring of this site included in-place nuclear density tests performed on the lime treated 
subgrade, stabilized aggregate base and asphalt treated blanket. Material was collected to remold 
laboratory specimens and specimens were compacted in the field for flow rate testing and resilient 
modulus evaluation in the laboratory. Falling Weight Deflectometer testing was performed on the 
different structure layers as construction progressed and on the surface at various times since 
completion of construction. 
A visual survey of the site during a heavy rainfall revealed that more than one-half of the outlets 
inspected had some obstruction to free discharge of collected water and nearly 40 percent had 
severe obstruction to free flow. The severe obstruction was usually due to ponding of water at the 
drainage outlet as a result of the outlet being placed at nearly the same level as the ditch, and in 
some cases caused the the outlet to be submerged. At outlets with less severe obstructions 
(headwalls filled with shoulder materials and/or grass), removal of the obstruction permitted free 
flow. There were some instances of outlets with no discharge and were suspected of being 
damaged during construction. 
4.3.3.c I-264 (Waterson Expressway), Jefferson County 
Construction of a rigid pavement (Portland cement concrete) with an asphalt stabilized drainage 
blanket was monitored at two sites in Jefferson County, Kentucky. The sites were included in the 
widening ofl-264 (Waterson Expressway). Design for both sites was 275 mm ( 1 1  in.) ofPCC on 
100 mm (4 in.) of asphalt treated blanket on 100 mm (4 in.) of dense graded aggregate. At the 
Breckinridge Lane site, a very soft sub grade was replaced with 300 mm ( 12 in.) ofNumber 3 stone 
(63 mm {2.5 in} top size) and covered with a filter fabric. At the Shelbyville Road site, the 
sub grade consisted of a mixture of shot rock and soil. During construction, it was difficult to 
maintain the profile of the asphalt treated drainage blanket layer due to and inability to properly 
trim the material. The inability to maintain a sufficient profile could lead to overruns or underruns 
on PCC pavement quanities. 
Falling Weight Deflectometer data were collected on the layers as construction proceeded and after 
the PCC pavement was cured. The high modulus (up to 82,735 MPa { 1 ,200 ksi} )  of the PCC 
pavement prohibited using FWD data to backcalculate underlying layer moduli. 
S.O SUMMARY 
5.1 Flow Tests 
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The apparatus constructed for testing flow rate of drainage blanket materials functioned 
satisfactorily. In tests involving untreated or Portland cement stabilized materials, flow rate results 
were repeatable through dozens of measurements. The test procedure, as used, that is with 
Number 10  retaining screens on both ends of specimens, appears to be accurate from 9, !50 m/day 
(30,000 ftlday) to rates as low as 20 m/day (70 ft/day). Specimens having flow rates less than 20 
m/day (70 ft/day) were evaluated using conventional permeability testing procedures. 
A series of flow tests was conducted on laboratory recombined specimens. Crushed limestone was 
screened and recombined to the fine limit and mid range of Kentucky Specifications gradation 
limits. It was determined that gradations permitting more fine material had significantly reduced 
flow rates at the fine limit of the specification range. 
Gradation specification testing of supplier stockpiles revealed that most gradations are not within 
specification limits. Those that are not within specification limits, consistently contain more fine 
material than permitted. Because material that would almost certainly be used in constructing 
drainage blankets did not match laboratory recombined gradations, supplier gradations were tested 
for flow rate instead. Four gradations (57, 67, 8, and 610) were selected for testing. Each 
gradation for the test specimens was sampled from stockpiles and split to the needed amount. 
Specimens for the flow tests were molded from asphalt stabilized, Portland cement stabilized, and 
untreated material. 
Flow rate tests of these specimens indicated that stabilization of either type reduces the flow rate 
but usually by only 610 to 9 1 5  m/day (2,000 to 3 ,000 ft/day). Because most of these gradations 
have high flow rates, stabilization of the aggregate was not deemed prohibitive to obtaining 
sufficient flow through the materials. Of the gradations tested, the 57 size demonstrated the 
highest flow rate, in the range of 3,050 to 4,575 m/day ( 10,000 to 15 ,000 ft/day). The finer 610  
gradation was as low as 245 m/day (800 ft/day) for Portland cement treated material. The flow 
rate of the 61  0 gradation was considered below the minimum necessary for a drainage blanket 
material. 
It was determined that density of the in-place material, whether untreated blanket, stabilized 
blanket, or bituminous pavement, had a greater impact on flow rate than either gradation or 
stabilization. Flow rates of drainage blankets currently being constructed are approximately 4,575 
m/day ( 15 ,000 ft/day) for untreated blankets and (3,660 m/day) 12,000 ft/day for asphalt stabilized 
blankets. Permeabilities of filter materials and Class I base range from 0.23 X w-' to 2.0 X w-• 
em/sec. Satisfactory specimens of Class K base for flow rate testing could not be produced but 
field experience and initial laboratory data indicate that in-place Class K base could have flow 
rates of 610  m/day (2,000 ft/day) or greater. 
36 
Flow rate of asphalt treated specimens confirmed that asphalt stabilized materials are subject to 
stripping. Stripping of the asphalt material reduces flow rate but not so sufficiently as to prohibit 
use of the more open materials. 
5.2 Resilient Modulus Tests 
Resilient modulus test results indicated that for asphalt treated drainage blanket materials, the 
Number 57 gradation yields the highest resilient modulus at approximately 540 MPa (78,000 psi) 
while other gradations yield slightly lower moduli averaging 380 MPa (55,000 psi). Given the 
same quality of aggregate, the resilient modulus of asphalt stabilized materials depends more on 
density of the specimen than on the gradation of the aggregate. 
The resilient modulus of Class I base ranged from 1 ,300 to 1 ,600 MPa ( 1 89,000 to 232,000 psi) 
at a density of 2,325 kg/m3 ( 146 lb/ft3). Class K base was difficult to compact and had lower 
resilient moduli of890 to 1 ,300 MPa ( 129,000 to 1 88,000 psi) at densities ranging from 1 ,895 to 
1 ,990 kg/m3 ( 1 1 8  to 1 24 lb/ft3) .  
While recognizing that DGA yields low moduli in an unconfined condition, all specimens were 
tested under the same conditions of stress and confinement. DGA specimens indicate resilient 
moduli significantly lower than other materials at 50 to 100 MPa (7,000 to 14,000 psi). Stabilized 
aggregate base yields resilient moduli of 35,470 to 4 1 ,365 MPa (5,000,000 to 6,000,000 psi) and 
Portland cement stabilized Number 57 gradation yields moduli of9,650 to 1 3,790 MPa ( I  ,400,000 
to 2,000,000 psi). Wet cure versus plastic cure did not significantly affect the moduli of Portland 
cement stabilized drainage blankets. 
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5.3 Construction and Performance Evaluations 
Evaluations of existing and newly constructed pavements incorporating drainable base layers 
encompassed monitoring construction and engineering performance of subgrade, filter, drainage 
blanket, asphaltic concrete pavement and Portland cement concrete pavements. Monitoring 
construction of pavement systems involving drainage blankets involved documenting construction 
problems, successes, and techniques while monitoring engineering performance included 
measuring in-place densities during construction, conducting Falling Weight Deflectometer 
(FWD) tests, performing pavement distress surveys, determining rutting, rideability indices (Rl), 
and monitoring in-place drainage. Performance and maintenance histories (up to 1 6  years) of 
pavements utilizing drainage blankets were also documented. 
Overall, it was found that collector system outlets, at both existing and newly constructed sites, 
were not maintained properly and sometimes were either poorly designed or wrongly installed. 
Excluding the AA Highway, most outlets were not draining properly due to either siltation in the 
headwall, vegetation in the headwall, damage to the outlet pipe, or ponding in the ditchline. 
Ponding is sometimes due to blockage in the ditch but design at two of the sites allowed outlet 
headwalls to be placed level with the original ditchline elevation. Headwalls were observed with 
water ponded above the outlet pipe elevation. 
6.0 CONCLUSIONS and RECOMMENDATIONS 
Considerable monitoring, testing, and analyses were performed during this study. The effort to 
develop an appropriate apparatus and procedure for flow rate testing of open graded materials was 
successful. Test results were repeatable for flow rates ranging from 20 m/day to more than 6,100 
m/day (70 ft/day to more than 20,000 ft/day). 
The current "Special Note For Pavement Drainage Blanket" provides for the optimum gradation 
for both drainage and stability in an asphalt treated drainage blanket. Asphalt treated specimens 
compacted to densities typical of field conditions, 1 ,685 to 1 ,765 kg/m3 ( 105 to 1 10 lbs/ft'), 
indicate flow rates ranging from 3,355 to 4,270 m/day ( 1 1 ,000 to 14,000 ft/day). At these 
densities, structural stability of the blanket, as measured by laboratory resilient modulus tests, is 
approximately one third that of a Class I base which results in a structural coefficient of 0. 1 5  to 
0. 1 6  for the asphalt treated blanket. Backcalulated layer moduli of treated drainage layers, 
determined from in-situ tests with the FWD, ranged from 0.14 to 0.22. Compaction of the asphalt 
treated blanket during construction soon after placement would increase density and provide 
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increased stability with more than sufficient drainage capability and result in higher structural 
coefficients. 
Stripping of asphalt treated laboratory specimens was observed. The long-term effects of stripping 
on flow rate and stability have not been fully evaluated. Further evaluations of the long-term 
effects of stripping of asphalt treated drainage layers is recommended. 
Untreated drainage blankets provide good drainage (4,575 to 4,880 m/day) { 1 5 ,000 to 1 6,000 
ftlday} but presented construction problems. Backcalulated structural layer coefficients of 
untreated drainage blankets constructed of 57 gradation aggregates were not as variable as asphalt 
treated drainable base layers and exhibited similar values, ranging from 0 . 18  to 0.22. However, 
because of the enhancement provided to the construction process, it is recommended that drainage 
layers continue to be constructed with asphalt treated aggregates. 
Portland cement treated drainage blankets have not been used in Kentucky. Laboratory tests 
indicate that the drainage capability of a cement treated blanket could be greater than an untreated 
blanket and the resilient modulus would be much greater than bituminous pavement, however, 
frost susceptibility may be a problem. Curing of cement treated blanket by either covering with 
plastic or misting, appears to produce similar strengths in laboratory specimens. Construction of 
a Portland cement treated drainage should be considered and evaluated as an enhancement to the 
overall pavement structure. 
Pavement drainage systems are limited to the capability of the slowest draining component which, 
in the case of current construction in Kentucky, is the collector system. It was found that collector 
system outlets are typically not maintained properly and are often poorly designed or constructed 
wrongly. Excluding the AA Highway, most outlets were not draining properly due to either 
siltation in the headwall, vegetation in the headwall, damage to the outlet pipe, or ponding. 
Ponding is sometimes due to blockage in the ditch but design at two of the sites allowed outlet 
headwalls to be placed level with the original ditchline elevation. Headwalls were observed with 
water ponded above the outlet pipe elevation. All headwalls should be at least 150 mm (6 in.) 
higher than the ditchline elevation. 
Maintaining the collector system and it's outlets is of extreme importance. It is recommended that 
a regular preventative maintenance scheduled be developed and implemented at the District level 
to ensure optimum performance of the drainage system. Training opportunities should be made 
available to District personnel in this area. 
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Based on observations made during this study, daylighting the drainable base layer is a viable 
alternative to a drainage blanket that incorporates a collector system. Initial concerns of 
Transportation Cabinet personnel of siltation and vegetation in the day lighted blanket appear to 
be unfounded based on the performance of a daylighted blanket on the AA highway. However, 
untreated blankets that are day lighted should be afforded some means of protection from traffic 
encroachment to prevent raveling of the base layer. The Transportation Cabinet should investigate 
the economics of drainable layers having a collector system versus day lighting the drainage layer. 
While properly constructed pavement drainage systems have been observed to remove water from 
the pavement structure rapidly, pavement performance histories do not necessarily validate the 
expectations of increased pavement life. All study sites except Ky 55 in Taylor County, are fairly 
new and have not required rehabilitation at this time; however, distress surveys of the AA highway 
indicate that sections having drainage blankets might be deteriorating more rapidly than sections 
having no drainage blanket. Additional monitoring and evaluations should be conducted to assess 
the effectiveness of drainable layers to increase pavement life. 
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